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SUMMARY 
The o b j e c t i v e o f t h i s s tudy was t o design a computer program t o 
a id i n developing an i n i t i a l l ayout o f the product ion areas w i t h i n a 
manufactur ing f a c i l i t y . I t was intended t h a t t r a d i t i o n a l c o n s i d e r a t i o n s 
u t i l i z e d i n e s t a b l i s h i n g l a y o u t s by convent ional methods be inc luded i n 
the computer program. 
The procedure f o l l o w e d was t o preview the l i t e r a t u r e i n the gen­
e r a l area o f p l a n t design and s p e c i f i c a l l y i n the area o f computer aided 
d e s i g n . As the s tudy p r o g r e s s e d , i t became apparent t h a t most e x i s t i n g 
computer l a y o u t programs d id not u t i l i z e i n p u t data t h a t r e f l e c t e d the 
m a t e r i a l s f l o w p a t t e r n w i t h i n the f a c i l i t y . I t was decided t h a t the 
computer program s h o u l d i m i t a t e the s t e p s performed i n a manual l a y o u t 
p r o c e s s . A f u r t h e r o b s e r v a t i o n was t h a t the computer program s h o u l d 
not attempt t o per form the e n t i r e l ayout process but s h o u l d be l i m i t e d 
t o a i d i n g the l ayout engineer i n producing a f i n a l des ign . T h i s some­
what l i m i t e d scope was adopted t o i n s u r e a r e s u l t t h a t would be u s e f u l 
t o the general p r a c t i t i o n e r . 
The program e s t a b l i s h e s i n i t i a l block l a y o u t s by h e u r i s t i c argu­
ments , u t i l i z i n g i n p u t data i n one o f t h r e e b a s i c f o r m s : 
1 . A l i s t o f i tems o f m a t e r i a l and the sequence o f f l o w o f 
each i t e m . 
2 . A From-To Chart i n d i c a t i n g the m a t e r i a l s f l o w p a t t e r n s . 
3. A penal ty m a t r i x . 
v i i i 
The program begins w i t h a blank o r empty l ayout g r i d and e n t e r s 
departments one at a t ime u n t i l a l l departments have been placed i n the 
l a y o u t . Three methods o f s e l e c t i n g the sequence o f departments t o be 
entered are a v a i l a b l e , t h u s p r o v i d i n g t h r e e a l t e r n a t i v e s u g g e s t i o n s t o 
a id the l a y o u t engineer i n e s t a b l i s h i n g a f i n a l l ayout d e s i g n . A block 




The f u n c t i o n o f the layout design process i s t o arrange the 
v a r i o u s a c t i v i t y areas i n v o l v e d i n p r o c e s s i n g the m a t e r i a l f rom the raw 
s t a t e t o the f i n i s h e d product s t a t e . S imply s t a t e d , the l a y o u t process 
a l l o c a t e s areas w i t h i n an e x i s t i n g o r p o t e n t i a l b u i l d i n g f o r s p e c i f i c 
manufactur ing purposes and at the same t ime cons iders the necessary-
r e l a t i o n s h i p s w i t h s u p p o r t i n g f a c i l i t i e s . A l a y o u t i s a lmost always 
assoc ia ted w i t h the f l o w o f m a t e r i a l s . Consequently p l a n t l ayout 
design i s u s u a l l y concerned w i t h m a t e r i a l s hand l ing c o s t . The c o n t r i b u ­
t i o n o f the l a y o u t procedure t o the p r o c e s s i n g o f the m a t e r i a l i s the 
development o f an arrangement which w i l l minimize the m a t e r i a l f low 
c o s t . Other c o n s i d e r a t i o n s are u s u a l l y in t roduced t o s u b j e c t i v e l y 
s e l e c t between l a y o u t s w i t h low h a n d l i n g c o s t s . 
A genera l survey o f the l i t e r a t u r e i s presented t o acquaint the 
reader w i t h work t h a t has p r e v i o u s l y been done i n the l ayout design 
area. A d e t a i l e d look at ava i lab le computerized l ayout programs w i l l 
be presented i n the next chapter . 
The problems o f f a c i l i t i e s design are as o l d as manufactur ing 
i t s e l f . I n i t i a l e f f o r t s i n l ayout work were most ly t r i a l - a n d - e r r o r 
arrangements, a l though r i s i n g l a b o r c o s t s and compet i t ion forced the 
layout des igner t o adopt more s y s t e m a t i c procedures. Many forms and 
h e u r i s t i c procedures have been designed t o accumulate the necessary data 
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and many " r u l e s - o f - t h u m b " have been developed t o u t i l i z e these proce­
dures t o take the guesswork out o f the layout des ign . However, emphasis 
has r e c e n t l y s h i f t e d f rom the s u b j e c t i v e d e c i s i o n process toward more 
q u a n t i t a t i v e t e c h n i q u e s . I n g e n e r a l , many o f these techniques have been 
based on the T r a v e l o r From-To C h a r t , which prov ides a summary o f data 
on the movement o f m a t e r i a l s between department p a i r s . 
T r a v e l Char ts 
Cameron f i r s t considered the concept o f a T r a v e l C h a r t , which was 
t o be used t o " v i s u a l i z e and c l a r i f y complex i n t e r - d e p a r t m e n t . . . 
m a t e r i a l movements" ( 5 ) . T h i s c h a r t , which i s s i m i l a r t o the mileage 
char t found on a roadmap, u t i l i z e s numeric q u a n t i t i e s as measures o f the 
m a t e r i a l s f l o w from each o f the r e l e v a n t departments to a l l o t h e r 
departments under c o n s i d e r a t i o n . Cameron po in ted out t h a t i n a d d i t i o n 
t o p r o v i d i n g a q u a n t i t a t i v e measure o f m a t e r i a l s f low between a r e a s , 
t h i s t o t a l can a l s o be used t o show the dependency o f one manufactur ing 
area upon o t h e r c o n t r i b u t i n g areas . Emphasis on the concept o f mate­
r i a l s f l o w i n g from one department to another has brought about the usage 
o f F rom-To Char ts t o replace the o r i g i n a l name. 
A procedure u t i l i z i n g the From-To Chart f o r s o l v i n g arrangement 
problems i n a process type layout was developed by Smi th ( 2 4 ) . A s i g ­
n i f i c a n t c o n t r i b u t i o n was made i n t h a t the measure used t o evaluate a 
l a y o u t was obtained by adding the products o f each element i n the Chart 
Numbers enclosed i n parentheses ind ica te re fe rences l i s t e d i n 
the B i b l i o g r a p h y . 
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m u l t i p l i e d by the d is tance between the r e s p e c t i v e departments. S m i t h 
used the o r d e r i n which the departments were l i s t e d t o r e p r e s e n t a 
s t r a i g h t l i n e arrangement o f departments. Fur thermore he assumed t h a t 
the d is tance between adjacent areas could be considered as a u n i t 
d is tance and t h a t a l l u n i t d is tances were equal . The assumptions 
extremely l i m i t e d a p p l i c a t i o n o f h i s technique t o p r a c t i c a l problems. 
Lundy (17) objected t o S m i t h ' s t reatment o f backtrack ing being 
considered twice as bad as fo rward movement. Lundy po in ted out t h a t 
t h i s was only t r u e i n the s t r a i g h t l i n e arrangement and not i n a general 
case. The cost o f any move, fo rward o r backward, was assoc ia ted w i t h 
p h y s i c a l c h a r a c t e r i s t i c s o f the move such as f requency, w e i g h t , hand l ing 
method and d i s t a n c e . P e n a l t i e s added f o r backtracking are an erroneous 
assumption lead ing t o wrong c o n c l u s i o n s . Lundy a l s o suggested t h a t 
schematics o r rough l a y o u t s be used t o determine d is tances between 
departments so t h a t the technique could be used on a l l process type 
l a y o u t s . 
Char ts Showing R e l a t i v e R e l a t i o n s h i p s 
F a r r (7 ) in t roduced the From-To Chart under a d i f f e r e n t name— 
the Cross Char t . The measure assoc ia ted w i t h each department p a i r i s 
obtained by combining the Flow Diagram and the Operat ion Process Char t . 
The q u a n t i t a t i v e data are then grouped i n t o f o u r c l a s s e s f o r eva lua t ing 
a l t e r n a t i v e l a y o u t s . The d i v i s i o n s considered by F a r r were: 
3 - - s h o u l d be very close 
2 — s h o u l d be near one another 
l - - p r e s e n t l o c a t i o n s a t i s f a c t o r y , and 
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+ - - d e s i r a b l e t h a t they be near by. 
Al though somewhat e a s i e r t o u t i l i z e i n complex s i t u a t i o n s , t h i s method 
l i m i t s the d e c i s i o n process t o q u a l i t a t i v e measures. 
A c h a r t , very s i m i l a r t o F a r r ' s Cross C h a r t , was developed by 
Muther ( 1 9 ) . The R e l a t i o n s h i p Chart replaced the q u a n t i t a t i v e measure 
w i t h p u r e l y q u a l i t a t i v e "va lues" and cons iders the r e l a t i o n s h i p between 
department p a i r s . The r e l a t i o n s h i p i s expressed by l e t t e r s , t r a d i ­
t i o n a l l y A - E - I - O - U - X , and the char t i s symmetr ic , i f shown as a s q u a r e , 
o r can be expressed i n t r i a n g u l a r fo rm. 
Procedures f o r U t i l i z i n g the Char ts 
A complete procedure f o r a r r i v i n g at an area l a y o u t was developed 
by B u f f a ( 3 ) . The p o s i t i o n o f each work center was determined by i n t e r ­
p r e t i n g the data i n a From-To Char t . A m a t r i x , which combined the s i z e 
and frequency o f movement o f v a r i o u s p a r t s t o be manufactured, was p r e ­
sented f o r a r r i v i n g at the measure o f m a t e r i a l f l o w . The measure o f 
movement f rom one department t o another was then combined w i t h the f l o w 
i n the r e v e r s e d i r e c t i o n t o e s t a b l i s h a measure o f f low between the 
given p a i r . The f l o w between a l l p a i r s was t r a n s f e r r e d t o a schematic 
diagram f o r c o n s i d e r a t i o n o f s p a t i a l arrangement. The s i g n i f i c a n c e o f 
B u f f a ' s work i s t h a t each work center i s analyzed w i t h respect t o i t s 
r e l a t i o n s h i p t o a l l o t h e r departments. U n f o r t u n a t e l y , i n o b t a i n i n g the 
i d e a l schematic diagram, B u f f a was forced t o d i s r e g a r d d i f f e r e n c e s i n 
departmental area r e q u i r e m e n t s . 
I n 19 5 8 , L l e w e l l y n (16) combined the works o f Smi th (24) and 
B u f f a (3 ) i n a p r a c t i c a l problem. D is tances were measured f rom a scale 
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l ayout b u t inc luded t r a v e l t o and f rom an a i s l e and not d i r e c t center 
t o center movement. The l a y o u t s were compared t o an "optimum" t o e s t a b ­
l i s h t h e i r e f f i c i e n c i e s . Al though the a i s l e l o c a t i o n and optimum layout 
were somewhat a r b i t r a r y , the example demonstrated two impor tant p o i n t s : 
(1 ) t h a t backtracking would be au tomat ica l l y pena l i zed by u s i n g actua l 
d is tances and an a d d i t i o n a l pena l ty was not necessary , and (2) t h a t 
improvements i n the layout were made by l o c a t i n g h i g h l y r e l a t e d depart ­
ments c lose t o g e t h e r . 
Gani (8 ) developed a q u a n t i t a t i v e procedure, based on the From-To 
C h a r t , t o p lan and/or analyze m a t e r i a l f l o w and a c t i v i t y r e l a t i o n s h i p 
problems. The procedure i n v o l v e s the development o f an I n - F l o w Chart 
and an Out -F low Char t . S p e c i f i c d e t a i l s o f t h i s method w i l l be mentioned 
l a t e r . The most impor tant p o i n t t o note here i s t h a t ac tua l hand l ing 
c o s t , i n d o l l a r s , was f i n a l l y in t roduced i n t o the From-To Char t . Each 
e n t r y combined (1 ) the number o f moves per t ime p e r i o d , (2 ) the d is tance 
moved and (3 ) a predetermined cost per f o o t t o move the s p e c i f i c mate­
r i a l s by a predetermined method. 
Mathematical F o r m u l a t i o n s 
Recent research has lead t o the a p p l i c a t i o n o f mathematical p r o ­
gramming techniques t o the general problem i n hopes o f f i n d i n g a compu­
t a t i o n a l l y f e a s i b l e op t ima l seeking a l g o r i t h m . C e r t a i n b a s i c assumptions 
can reduce the problem t o a cons t ra ined quadrat ic programming f o r m u l a ­
t i o n . Gilmore (9 ) and L a w l e r (13) have suggested branch and bound p r o ­
cedures f o r producing opt imal r e s u l t s f o r these f o r m u l a t i o n s . Although 
the s o l u t i o n procedures are v a l i d , computational l i m i t a t i o n s , even u s i n g 
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h igh speed computers, r e s t r i c t s o l u t i o n s t o only the s imple problems. 
Both a u t h o r s agree t h a t t h e i r procedures are not appl icable t o la rge 
problems. 
L a w l e r (13) has u t i l i z e d the Koopmans-Beckmann (12) quadra t ic 
f o r m u l a t i o n t o r e s t r i c t the problem t o an i n t e g e r l i n e a r programming 
f o r m u l a t i o n . Whi le mathematical ly c o r r e c t , the s o l u t i o n i s s t i l l compu­
t a t i o n a l l y i n f e a s i b l e . 
Even though these areas o f f e r some promise f o r f u t u r e s o l u t i o n s , 
at p r e s e n t the general p r a c t i t i o n e r f i n d s even the assumptions (n , 
departments o f equal area) somewhat u n r e a l i s t i c i f not t o t a l l y imprac­
t i c a l . 
A number o f a r t i c l e s can be found which d i s c u s s the problems o f 
l o c a t i n g new equipment w i t h respect t o e x i s t i n g machinery. The normal 
assumption i s t h a t a l t e r n a t i v e l o c a t i o n s are represented by p o i n t s i n a 
p l a n e , and the problem i s one o f a s s i g n i n g equipment t o a l t e r n a t i v e 
l o c a t i o n s . Var ious approaches t o t h i s problem can be found i n the 
l i t e r a t u r e ( 1 8 , 2 0 , 2 2 , 2 5 ) . A d i s c u s s i o n o f these a r t i c l e s , al though 
d e f i n i t e l y r e l a t e d t o the layout p r o c e s s , has been omi t ted due t o i t s 
lack o f bear ing on the s p e c i f i c problem under s t u d y . 
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CHAPTER I I 
SOME E X I S T I N G LAYOUT PROGRAMS 
When the number o f departments t o be considered becomes la rge o r 
the m a t e r i a l f l o w p a t t e r n s become numerous o r complex, the volume o f 
data t o be considered i n s e l e c t i n g o r des ign ing a l ayout i s enormous and 
t r a d i t i o n a l l a y o u t t o o l s become unmanageable. Recent ly researchers have 
t u r n e d t h e i r a t t e n t i o n t o u s i n g h e u r i s t i c computer models t o a id i n the 
l ayout p r o c e s s . Three such models have found f a i r l y wide acceptance and 
some use i n i n d u s t r y and w i l l be reviewed i n t h i s chapter . A f o u r t h 
concept was in t roduced at Georgia I n s t i t u t e o f Technology by Gani (8 ) 
and i s a l s o inc luded i n t h i s review because o f i t s relevance t o the 
program developed i n t h i s t h e s i s . 
CRAFT 
One o f the f i r s t computer models t h a t was developed f o r the gen­
e r a l l a y o u t problem was CRAFT (Computerized R e l a t i v e A l l o c a t i o n o f 
F a c i l i t i e s Techn ique ) . The Buf fa -Armour -Vo l lman ( 2 , 4 ) model i s a 
h e u r i s t i c approach, which produces a block l ayout by c o n t i n u o u s l y 
improving on a p r e v i o u s l a y o u t . The concept c o n s i s t s o f t a k i n g a given 
l ayout and exchanging the two departments which b e s t improve the l a y o u t . 
T h i s procedure i s repeated u n t i l no exchange w i l l r e s u l t i n an improved 
c o n d i t i o n . The measure by which a l ayout i s evaluated i s i t s t o t a l 
h a n d l i n g " c o s t " which takes i n t o c o n s i d e r a t i o n the volume o f the 
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m a t e r i a l f l o w , the cost o f each f l o w and the d is tances i n v o l v e d . 
I n p u t Data 
The i n p u t data requi rements f o r the CRAFT r o u t i n e can be d iv ided 
i n t o t h r e e components: 
1 . A m a t r i x o r t ab le o f i n t e r d e p a r t m e n t a l m a t e r i a l f l o w s i s 
necessary t o e s t a b l i s h the volume o f m a t e r i a l f l o w i n g between each p a i r 
o f departments per u n i t t i m e . 
2 . A m a t r i x o f h a n d l i n g c o s t s f o r each p a i r o f departments 
between which m a t e r i a l f l o w s . 
3. An i n i t i a l o r t r i a l l a y o u t which the a l g o r i t h m w i l l t r y t o 
improve by exchanging the p o s i t i o n s o f p a i r s o f departments. 
Once the i n i t i a l l ayout has been read by the i n p u t r o u t i n e , the 
program ca lcu la tes the center o f each departmental area and the d istance 
between each p a i r o f departments i s e s t a b l i s h e d . T h i s d i s t a n c e , along 
w i t h the volume f l o w m a t r i x and the cost m a t r i x , i s used t o ca lcu la te the 
t o t a l m a t e r i a l hand l ing cost o f the l a y o u t . The program p e r m i t s the 
u s e r t o s p e c i f y t h a t some departments are f i x e d and t h e r e f o r e not e l i ­
g i b l e f o r exchange. 
A l g o r i t h m 
The general f l o w o f the program i s shown i n F i g u r e 1 . The a lgo­
r i t h m t e s t s a l l p o s s i b l e exchanges o f departments and then makes the 
exchange which i s est imated t o reduce the t o t a l m a t e r i a l s hand l ing cost 
most. A p a i r o f departments i s considered f o r exchange i f i t meets one 
o f the f o l l o w i n g c r i t e r i a : 
1 . Both Departments are the same s i z e . 
Read i n volume and c o s t mat r ices 
and the i n i t i a l l a y o u t 
Determine which departments 
can be exchanged 
Calcu la te department cen te rs 
and d is tance between cen te rs 
Ca lcu la te the t o t a l hand l ing 
c o s t f o r g iven l a y o u t 
P r i n t revli sed l a y o u t 
Make b e s t exchange 
Ca lcu la te r e d u c t i o n i f ex 
changes are i n l a y o u t 
F i g u r e 1 . General F low f o r CRAFT Program 
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2. They have a common b o r d e r . 
3. They both border on a common t h i r d department. 
The f i r s t two c o n d i t i o n s are used f o r a "two department" exchange 
w h i l e the t h i r d i n v o l v e s a " t h r e e department" r e l a y o u t . CRAFT o f f e r s 
the u s e r the choice o f which o f the exchanges i s t o be used: 
1 . Two department moves o n l y . 
2 . Three department moves o n l y . 
3. Two department moves f o l l o w e d by t h r e e department moves. 
4 . Three department moves f o l l o w e d by two department moves. 
5. Choose bes t o f two o r t h r e e department moves at each 
i t e r a t i o n . 
T o es t imate the sav ings t h a t might r e s u l t f rom exchanging two 
depar tments , i t i s assumed t h a t the r e s u l t i n g center o f each department, 
a f t e r the exchange, would be the p resen t center o f the o t h e r department. 
I f the p a i r i s s e l e c t e d f o r the actua l exchange and the new centers do 
not produce a r e d u c t i o n i n the c o s t , the exchange i s not made and some 
o t h e r exchange i s t r i e d . 
Output 
The ou tput i n c l u d e s the volume f l o w m a t r i x , the cost m a t r i x and 
a t h i r d m a t r i x , which i s an element-by-element product o f the f i r s t two 
m a t r i c e s , i s a l s o p r i n t e d . A s p a t i a l arrangement i s p r i n t e d t o i n d i c a t e 
the i n i t i a l and f i n a l block l a y o u t s (see F i g u r e 2 ) . CRAFT w i l l p r i n t 
the i n t e r m e d i a t e l a y o u t s t h a t are encountered i f the u s e r so d e s i r e s . 
1 2 3 k 5 6 7 oo 9 10 
1 J J J J J J J J L L 
2 J J J J J J J J J L 
3 I I J M M M M M F F 
k H H J J M M M M F F 
5 H B A A A G G G F F 
6 B B A A G G F F 
7 B B A A A G G F F 
oo B B C C C G G G F F 
9 B B D D D D D E F F 
10 B B D D E E K 
n D D D D E E K 
12 D D D D D D D E E K 
F i g u r e 2 . Example o f CRAFT Layout ( L i n e s 
Added f o r C l a r i f i c a t i o n ) 
12 
ALDEP 
Evans and Seehof (23) developed a s imple procedure ALDEP (Auto­
mated Layout D E s i g n Program) t o generate l a y o u t s o f up t o t h r e e f l o o r s 
by a random p r o c e s s . The program f i r s t e s t a b l i s h e d the necessary f i l e s 
f o r c o n s t r u c t i n g a l a y o u t . I n a d d i t i o n t o department a rea , a preference 
m a t r i x i s necessary . T h i s m a t r i x i n d i c a t e s the p r i o r i t i e s t h a t s h o u l d 
be given t o l o c a t i n g areas adjacent t o each o t h e r . A f t e r the p r o c e s s i n g 
o f the i n p u t data i s completed, the program develops a predetermined 
number o f random l a y o u t s and scores o r evaluates each one. The layout 
score i s the summation o f the preference values f o r adjacent departments. 
The f l o w char t i s shown i n F i g u r e 3. Layouts meeting a predetermined 
minimum score are p r i n t e d i n block fo rm. 
I n p u t Data 
The i n p u t data f o r an ALDEP r u n i s d iv ided i n t o f o u r s e c t i o n s : 
1 . C o n t r o l cards are necessary t o s p e c i f y the b u i l d i n g d e s c r i p ­
t i o n , the minimum score a layout must have before i t i s p r i n t e d , and 
the number o f l a y o u t s t o be generated. 
2 . The area requi rements t h a t are necessary f o r each department. 
3. The departmental preference m a t r i x used i n the main a l g o r i t h m . 
A preassignment l i s t — s i n c e departments may be preassigned t o 
a s p e c i f i c f l o o r o r they may be preass igned t o an exact l o c a t i o n . 
A l g o r i t h m 
A f t e r a l l the p r e l i m i n a r y p r o c e s s i n g i s completed, the s p e c i f i e d 
number o f random block l a y o u t s are produced by a two -s tep p r o c e s s . 
F i r s t the departments are separated f o r assignment t o each f l o o r o f the 
Read c o n t r o l cards 
and department areas 
Read preference m a t r i x 
and preassignment l i s t 
Group departments "by 
s p e c i f i c f l o o r 
Locate departments 






P r i n t l a y o u t 
L a s t l a y o u t ? No 
Yes 
^ stop y 
F i g u r e 3 . General F low f o r ALDEP Program 
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b u i l d i n g . Once the departments have been d i v i d e d , each f l o o r layout i s 
produced, independent o f the o t h e r f l o o r s . 
A modi f ied random s e l e c t i o n technique i s used t o l ay out each 
f l o o r . I n i t i a l l y , a department i s se lec ted at random f rom those t h a t 
were not preass igned a s p e c i f i c l o c a t i o n . A f t e r the se lec ted department 
i s p rocessed , the preference m a t r i x i s searched t o f i n d a department 
w i t h a "demand pre ference" o r h i g h e s t p r i o r i t y r e l a t i o n w i t h the l a s t 
department s e l e c t e d . I f a department i s found w i t h a demand p r e f e r e n c e , 
t h a t department i s se lec ted f o r placement next provided i t i s not 
already i n t h e l a y o u t . I f no department i s found w i t h a h i g h preference, 
a department i s se lec ted f o r placement randomly from those not already 
processed. T h i s procedure i s repeated u n t i l a l l departments are i n the 
l a y o u t f o r t h a t p a r t i c u l a r f l o o r . The o t h e r f l o o r s are processed i n the 
same manner. 
Output 
A f t e r each layout i s produced, the program ca lcu la tes i t s score 
by adding the preference values f o r adjacent departments. I f the block 
layout meets the minimum score s p e c i f i e d on the f i r s t c o n t r o l card, i t 
i s accepted and a s p a t i a l l ayout i s p r i n t e d as i l l u s t r a t e d i n F i g u r e 4 . 
S ince each l a y o u t which meets the c r i t e r i o n i s p r i n t e d , the u s e r i s 
f u r n i s h e d w i t h a s e t o f d i f f e r e n t l a y o u t s which he can eva luate . 
The a u t h o r s suggest t h a t b e t t e r l a y o u t s are obtained by u s i n g the 
design program i n s t a g e s . The p lanner s h o u l d analyze the f i r s t l a y o u t s 
and, w i t h i n f o r m a t i o n obtained f rom these l a y o u t s , a s s i g n p a r t i c u l a r 
departments t o s p e c i f i c l o c a t i o n s . T h i s i n f o r m a t i o n could then be 
1 5 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 9 9 9 9 5 
Ij. 
4 k 1 0 1 0 1 0 1 0 1 0 1 0 0 
0 1 1 1 1 9 9 8 2 8 2 5 5 k k 1 0 1 0 1 0 1 0 1 0 1 0 0 
0 1 1 1 1 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 1 0 1 0 0 
0 1 1 1 1 9 9 8 3 « 3 I 9 5 5 k k 1 0 1 0 1 0 9 9 1 0 1 0 0 
0 1 1 1 1 9 9 9 9 9 5 5 k k 1 0 1 0 1 0 9 9 0 7 0 
0 1 1 1 1 9 9 9 9 9 5 5 k k k I*. 7 9 9 7 7 0 
0 1 1 1 1 9 9 9 9 9 5 5 k k k 8 3 8 3 9 9 7 7 0 
0 1 1 1 1 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 7 7 0 
0 1 1 1 1 9 9 9 9 5 5 4 4 k k 7 7 7 7 0 
0 1 1 1 1 n 1 1 5 5 5 5 k k k k 7 7 7 7 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
TOP FLOOR 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 6 6 6 8 1 8 1 8 1 3 3 3 3 8 8 8 8 0 0 0 
0 6 6 6 8 1 8 2 8 2 3 3 3 3 8 8 8 8 8 0 0 
0 6 6 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 8 8 0 
0 6 6 9 9 8 3 6 6 3 3 2 2 2 2 8 9 9 8 8 0 
0 6 6 9 9 8 3 , 6 6 3 3 2 2 2 2 8 9 9 8 8 0 
0 6 6 9 9 6 ' 3 | 6 3 3 2 2 2 2 8 9 9 8 8 0 
0 6 6 9 9 6 3 3 3 3 2 2 2 8 3 8 3 9 9 8 8 0 
0 6 6 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 8 8 0 
0 6 6 6 6 3 3 3 81+ Qk 1 1 1 8 8 8 8 0 
0 6 6 6 6 3 3 3 dk 8 4 1 1 1 8 8 8 8 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
GROUND FLOOR 
F i g u r e 4 . Example o f ALDEP Layout ( L i n e s 
Added f o r C l a r i f i c a t i o n ) 
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submi t ted and more random l a y o u t s produced. The procedure can be 
repeated u n t i l the complete b u i l d i n g i s ass igned . 
CORELAP 
Computerized R e l a t i o n s h i p LAyout P l a n n i n g (CORELAP) was developed 
by Lee and Moore ( 1 4 , 1 5 ) . The program i s a h e u r i s t i c , p a t h - o r i e n t e d 
method o f e s t a b l i s h i n g an i n i t i a l block l a y o u t . No b u i l d i n g shape i s 
s p e c i f i e d , t h u s p e r m i t t i n g the genera t ion o f department c o n f i g u r a t i o n s 
and l o c a t i o n s be fore the b u i l d i n g c o n f i g u r a t i o n i s de f ined . The l o g i c 
used i n a r r i v i n g at the f i n a l l ayout u t i l i z e s the R e l a t i o n s h i p Chart 
developed by Muther ( 1 9 ) . S p e c i f i c f l o o r area requi rements are a l s o 
necessary t o e s t a b l i s h the s i z e o f each department. The program begins 
w i t h a blank o r empty layout g r i d and locates departments one at a t ime 
u n t i l a l l departments have been placed i n the l a y o u t . S ince t h i s i s a 
p a t h - o r i e n t e d process , a g iven s e t o f i n p u t data w i l l always produce the 
same f i n a l l a y o u t . 
I n p u t Data 
Three components o f i n p u t data are necessary f o r the CORELAP 
a l g o r i t h m : 
1 . The number o f departments t o be used and a maximum l e n g t h -
t o - w i d t h r a t i o i s s p e c i f i e d which r e s t r i c t s the maximum l e n g t h o f the 
layout t o be produced. 
2 . A R e l a t i o n s h i p C h a r t , which i s used t o ca lcu la te the T o t a l 
Closeness R a t i n g (TCR) f o r each department. The TCR r e p r e s e n t s the sum­
mation o f a department 's r e l a t i o n s h i p t o a l l o t h e r departments i n the 
l a y o u t . 
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3. The area r e q u i r e d by each department. 
A l g o r i t h m 
The main a l g o r i t h m processes departments by answering two ques­
t i o n s : 
1 . Which department has the p r i v i l e g e o f be ing placed next i n t o 
the l ayou t? 
2. How i s i t entered i n t o the layout? 
The f i r s t department t o e n t e r the layout i s the one w i t h the 
h i g h e s t TCR value and i t i s placed i n the center o f the layout and 
designated " W i n n e r . " Next the r e l a t i o n s h i p m a t r i x i s searched t o f i n d 
a department t h a t has an "A" (maximum) r e l a t i o n s h i p w i t h t h i s depar t ­
ment. Any t i e s t h a t might r e s u l t between ava i lab le departments are 
broken by s e l e c t i n g the one w i t h the h i g h e s t TCR va lue . The se lec ted 
department i s placed i n the layout and designated " V i c t o r . " 
The program then r e t u r n s t o f i n d another "A" r e l a t i o n s h i p w i t h 
the p r e v i o u s Winner and places t h a t department i n the l a y o u t . T h i s p r o ­
cedure i s c o n t i n u o u s l y repeated. I f an "A" r e l a t i o n s h i p cannot be 
f o u n d , then a l l V i c t o r s are checked t o see i f they have an "A" r e l a t i o n ­
s h i p w i t h an ava i l ab le department. I f an "A" r e l a t i o n s h i p i s f o u n d , 
then the V i c t o r becomes the new Winner and the e n t e r i n g department i s 
placed i n the l a y o u t . I f n e i t h e r the Winner nor any V i c t o r produces an 
"A" r e l a t i o n s h i p , then the minimum acceptance l e v e l i s reduced and a 
new search b e g i n s . 
A general "sweep" r o u t i n e i s u t i l i z e d i n the placement o f a V i c ­
t o r . T h i s r o u t i n e examines the layout m a t r i x f o r ava i lab le squares 
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adjacent t o the Winner . I f space i s ava i l ab le adjacent t o the W i n n e r , 
then the V i c t o r i s located i n t h i s space. I f space i s not ava i lab le 
adjacent t o the W i n n e r , the sweep r o u t i n e i n s p e c t s squares one s tep 
f u r t h e r away from the Winner and repeats the p r o c e s s . F i g u r e 5 shows 
the f l o w char t f o r the program. 
Output 
As each department e n t e r s the l ayout an in te rmed ia te l a y o u t i s 
produced. T h i s p e r m i t s the u s e r t o f o l l o w the b u i l d u p o f the f i n a l 
l a y o u t which w i l l a id i n a d j u s t i n g t h i s l ayout t o an acceptable b u i l d ­
i n g shape. F i g u r e 6 i l l u s t r a t e s one i t e r a t i o n o f a CORELAP program. 
PLANET I 
A s e r i e s o f s p e c i a l p r o j e c t s at Georgia I n s t i t u t e o f Technology, 
i n i t i a t e d by Gani and Apple ( 8 ) , and f u r t h e r developed by Devis (6 ) and 
K l e i n (11) has r e s u l t e d i n a computerized technique which ca lcu la tes 
departmental r e l a t i o n s h i p s f o r use i n developing an Area A l l o c a t i o n 
Diagram. P l a n t Layout A n a l y s i s aN_d E v a l u a t i o n Technique , r e f e r r e d t o 
subsequent ly as PLANET I , d id not produce a block diagram as do the 
t h r e e programs reviewed above, bu t i n s t e a d i t s t r e s s e d the fundamental 
importance o f the p r a c t i c a l i t y o f i n p u t data i n v o l v e d i n a p r o d u c t i o n -
type l a y o u t . 
I n p u t data was i n the form o f a From-To C h a r t , where each element 
was the product o f (1 ) the frequency o f m a t e r i a l s movement, (2 ) the 
d is tance between the s p e c i f i c p a i r o f departments, and (3) the cost per 
move f o r a predetermined method o f h a n d l i n g . Since the f i n a l d is tance 
between departments was not an ava i l ab le i n p u t , an i d e a l d is tance was 
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I n p u t department data and 
A c t i v i t y R e l a t i o n s h i p Chart 
F i n d most r e l a t e d department 
and place i n l a y o u t 
Ident i f " : f Winner 
F i n d new Winner 
f rom a l l V i c t o r s 
Yes 
Make t h a t department a V i c t o r 
and place i n l a y o u t 
^ S t o p ^ 
F i g u r e 5. General F l o w f o r CORELAP Program 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 19 19 19 19 19 19 0 0 0 0 0 0 0 
0 0 0 I T I T I T 19 19 19 19 0 0 0 0 0 0 0 0 
0 0 0 I T I T I T I T 19 19 19 16 16 15 15 0 0 0 0 
0 0 0 I T I T I T 18 19 19 19 16 15 15 15 12 0 0 • 0 
0 0 0 I T I T 11 .11 n 11 n 
"s. 
11 16 15 15 12 12 0 0 
0 0 0 I T I T 11 11 n 11 n 11 21 15 15 12 12 0 0 
0 0 Ik Ik 20 11 11 n 11 n 11 21 21 15 12 12 0 0 
0 0 Ik Ik Ik Ik 11 n 11 n 0 0 15 15 12 0 0 0 
0 0 Ik Ik Ik Ik 22 13 0 0 0 15 15 15 15 0 0 0 
0 0 0 0 13 13 13 13 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 13 13 13 13 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 
F i g u r e 6 . Example o f CORELAP Layout—Taken 
f rom the CORELAP U s e r s ' Manual by 
J . M. Moore and R . N. L i n d q u i s t 
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i n i t i a l l y assumed. The i d e a l d is tance between two departments assumed 
t h a t they were square and placed adjacent t o each o t h e r . An I n f l o w 
I n t e r r e l a t i o n s h i p was then ca lculated which expressed the f l o w f rom the 
i t h department t o the j t h department as a percentage o f the t o t a l f l o w 
i n t o the j t h department. T h i s value was then used as an index t o s t a t e 
the pre ferences o f the s p e c i f i c departments f o r l o c a t i o n near o t h e r 
departments. Those department p a i r s w i t h a h i g h I n f l o w I n t e r r e l a t i o n ­
s h i p had a h i g h e r preference than those w i t h lower v a l u e s . An Outf low 
I n t e r r e l a t i o n s h i p was a l s o ca lcu la ted . 
A f t e r PLANET I computed the I n f l o w and Out f low I n t e r r e l a t i o n ­
s h i p s , the u s e r const ruc ted an A c t i v i t y R e l a t i o n s h i p Diagram as the 
b a s i s f o r e s t a b l i s h i n g a l ayout (see F i g u r e s 7 , 8 and 9 ) . 
Departments 
Degree o f Closeness 
F i r s t C lass Second Class T h i r d C lass 
1 3 , 5 8 6 , 2 CN 1 0 , 4 , 3 , 6 
CO 1 0 , 4 5 , 2 , 6 
4 1 0 , 7 9 , 2 , 6 
5 1 0 , 4 




10 3 , 6 , 4 , 7 2 , 5 
F i g u r e 7. T y p i c a l C l a s s i f i c a t i o n o f Departments 
R e s u l t i n g f rom PLANET I 
8 
1 3 2 
5 10 6 
k 7 9 
F i g u r e 8. A c t i v i t y R e l a t i o n s h i p Diagram— 
Based on the Departmental 







5 k 7 
9 
F i g u r e 9 . Area A l l o c a t i o n Diagram—Developed 
by the Eng ineer f rom the A c t i v i t y 
R e l a t i o n s h i p Diagram i n F i g u r e 8 
2 3 
Once the A c t i v i t y R e l a t i o n s h i p Diagram was e s t a b l i s h e d , measured d i s ­
tances between department centers were used t o r e f i n e the c a l c u l a t i o n s 
o f i n t e r r e l a t i o n s h i p s by means o f a new A c t i v i t y R e l a t i o n s h i p Diagram 
and t o evaluate the n e c e s s i t y o f a d j u s t i n g the l ayout based on actua l 
d i s t a n c e s . 
Conclus ions 
Other computerized l a y o u t programs are i n e x i s t e n c e ; however, 
t h e i r a v a i l a b i l i t y o r l i m i t e d use has excluded them from t h i s rev iew. 
None o f these methods produces an opt imal l a y o u t . However, a l l are 
l o g i c a l i n na tu re and shou ld be thought o f only as t o o l s t o guide the 
u s e r toward a s o l u t i o n t o h i s problem. The appropr ia teness o f a par ­
t i c u l a r program depends upon the s p e c i f i c a p p l i c a t i o n . F i g u r e 10 
summarizes some o f the b a s i c c o n s i d e r a t i o n s i n u s i n g the f o u r programs 
reviewed. 
A c lose look at F i g u r e 10 w i l l show t h a t one area o f a p p l i c a t i o n 
i s m i s s i n g — i n i t i a l l a y o u t s o f p roduct ion f a c i l i t i e s . PLANET I r e p r e ­
s e n t s the beg inn ing o f such a program but f a i l s t o produce a s p a t i a l 
arrangement. I t i s the purpose o f t h i s t h e s i s t o r e f i n e the PLANET I 
a l g o r i t h m t o prov ide a program u t i l i z i n g q u a n t i t a t i v e i n p u t data and 
r e s u l t i n g i n a s p a t i a l arrangement. 
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F i g u r e 10 . Comparison o f Computer Programs 
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CHAPTER I I I 
THE PLANET I I LAYOUT PROGRAM 
T h i s chapter p r e s e n t s a general d e s c r i p t i o n o f the methodology 
and f l o w o f the program developed i n t h i s t h e s i s . A complete l i s t i n g 
o f the program i s inc luded i n the Appendices. 
T h i s program does not design a t o t a l l ayout f o r a new product ion 
f a c i l i t y n o r does i t s e l e c t the b e s t l ayout f rom a l l p o s s i b l e arrange­
ments . I t i s intended as a t o o l t o help the layout engineer i n the 
i n i t i a l s tages o f the layout design p r o c e s s . Based on the f l o w s o f 
d i f f e r e n t products o r p a r t s between v a r i o u s a c t i v i t i e s , the program 
u t i l i z e s a t w o - s t e p h e u r i s t i c a l g o r i t h m t o a r r i v e at rough l a y o u t s w i t h 
low m a t e r i a l s hand l ing c o s t . These l a y o u t s r e p r e s e n t only suggested 
o r i e n t a t i o n s o f the a c t i v i t y areas and must be molded i n t o a l o g i c a l 
b u i l d i n g c o n f i g u r a t i o n by the l ayout engineer . 
Measure f o r E v a l u a t i o n 
The layout process i s concerned w i t h the e s t a b l i s h m e n t o f a spa­
t i a l arrangement o f the a c t i v i t y areas o r departments w i t h i n the f a c i l ­
i t y . I n a p roduct ion environment the m a t e r i a l s f l o w p a t t e r n i s o f 
pr imary concern when ar rang ing the product ion a c t i v i t i e s , s ince mate­
r i a l s hand l ing does not u s u a l l y increase the value o f a product but i s 
normal ly a burden o f the product ion f a c i l i t y . I t i s t h e r e f o r e d e s i r a b l e 
t o minimize the cost o f m a t e r i a l s handl ing when ar rang ing the depart ­
ments w i t h i n the f a c i l i t y . 
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N o n q u a n t i t a t i v e f a c t o r s o f t e n i n f l u e n c e the c o n s t r u c t i o n o r the 
s e l e c t i o n o f a l a y o u t . One common method o f i n c l u d i n g these f a c t o r s 
i n the de te rmina t ion o f a f i n a l l ayout i s the e s t a b l i s h m e n t o f con­
s t r a i n t s which a l l a l t e r n a t i v e s must f u l f i l l . A l t e r n a t i v e s t h a t are 
compared f o r minimum cost must meet these c o n s t r a i n t s . Another method 
o f i n c l u d i n g these f a c t o r s i s t o a d j u s t the minimum cost l ayout t o 
s a t i s f y these q u a l i t a t i v e o b j e c t i v e s . Regard less o f the method used t o 
cons ider q u a l i t a t i v e f a c t o r s , m a t e r i a l s hand l ing cost i s the pr imary 
q u a n t i t a t i v e f a c t o r concerned. 
As the number o f d i f f e r e n t products produced w i t h i n a s p e c i f i c 
f a c i l i t y i n c r e a s e s , the combination o f the f l o w p a t t e r n s becomes very 
complex. T h i s i n no way reduces the importance o f the f l o w o f m a t e r i a l s , 
however, t r a d i t i o n a l methods o f e v a l u a t i o n are complicated by the 
increased data. T h i s program i s designed t o reduce the complexity o f 
t h i s problem by p r o c e s s i n g data f rom many i n d i v i d u a l f l o w p a t t e r n s and 
producing a meaningful r e l a t i o n s h i p between departments t o be used i n 
p lann ing a l a y o u t . The ob jec t ive o f the program i s t o suggest s p a t i a l 
arrangements which would have low m a t e r i a l s hand l ing c o s t s . 
I n p u t and S c o r i n g Techniques 
The b a s i c i n p u t data can be d iv ided i n t o two c l a s s i f i c a t i o n s : 
1 . C h a r a c t e r i s t i c s o f the departments. 
2 . C h a r a c t e r i s t i c s o f the m a t e r i a l f l o w p a t t e r n s . 
Other i n p u t i n f o r m a t i o n i s necessary , bu t only f o r a p p l i c a t i o n o f the 
computer program and i s not presented i n t h i s chapter . See Appendix I I 
f o r complete i n f o r m a t i o n on i n p u t r e q u i r e m e n t s . 
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C h a r a c t e r i s t i c s o f Departments 
A b a s i c i n p u t t o any l ayout problem i s a l i s t o f the departments 
t o be inc luded i n the l a y o u t and the area requ i rements f o r each. F i g u r e 
1 1 i l l u s t r a t e s a t y p i c a l l i s t o f the i n p u t i n f o r m a t i o n necessary f o r 
t h i s s e c t i o n o f the program. 
Department 
Number 
T o t a l Area 
Requi red 
D e s c r i p t i o n o f 
Department 
1 729 Rough S t o r e s 
2 9 84 M i l l 
CO
 3944 Lathe 
4 1229 D r i l l 
5 234 Gr ind 
6 301 P r e s s 
7 138 Saw 
8 468 F i n a l I n s p e c t i o n 
F i g u r e 1 1 . I n p u t Data f o r the A c t i v i t y Areas 
Since the output o f the model i s on ly intended t o suggest r e l a ­
t i v e placements o f these departments, r e s t r i c t i o n s on s p e c i f i c shapes 
are not necessary as i n p u t data. 
M a t e r i a l Flow P a t t e r n s 
The works o f Gani ( 8 ) , Devis ( 6 ) , and K l e i n (11) w i t h PLANET I 
had a s t r o n g i n f l u e n c e on t h i s s e c t i o n o f the program. T h e r e f o r e con­
t i n u o u s re fe rences t o Gani w i l l be made t o show the s i m i l a r i t i e s and 
d i f f e r e n c e s between the two programs. 
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The b a s i c approach t o ana lyz ing the movement o f m a t e r i a l s 
w i t h i n a f a c i l i t y i s t o examine each m a t e r i a l as i t moves between the 
v a r i o u s departments. Muther (19) s t a t e s t h a t 
Genera l ly speaking the l a y o u t man shou ld s t a r t w i t h an 
Operat ion Process Chart i n any l ayout work. Even i f making 
a h a l f - d o z e n d i f f e r e n t p r o d u c t s , begin w i t h c h a r t s f o r each 
one. 
When the number o f products o r p a r t s becomes too la rge f o r i n d i v i d u a l 
c h a r t s , a M u l t i - P r o d u c t Process Chart can be used t o summarize the 
i n d i v i d u a l Process C h a r t s . 
Since the program was developed t o apply t o t h i s type o f s i t u a ­
t i o n , the i n p u t data i s s t r u c t u r e d i n the format o f a M u l t i - P r o d u c t 
Process C h a r t . The program u t i l i z e s a l i s t o f the p a r t s o r products 
which f l o w through the f a c i l i t y and the sequence o f f l o w o f these i t e m s . 
The P a r t s L i s t u t i l i z e s the department number assigned i n F i g u r e 11 i n 
the sequence o f f l o w . F i g u r e 12 i l l u s t r a t e s the i n i t i a l b a s i c data 
r e q u i r e d f o r the program and the M u l t i - P r o d u c t Process Chart const ruc ted 
f rom the data. T h u s p a r t number 0 3 begins i n department number 1 , moves 
f rom department 1 t o department 2 , moves from department 2 t o department 
7 , and f i n a l l y moves f rom department 7 t o department 8. W i t h o u t the 
i n p u t data on the area requi rements o f the departments, t h i s f l o w i n f o r ­
mation would be meaningless. 
Gani f e l t t h a t the sequence o f f l o w was not s u f f i c i e n t and t h a t 
o t h e r c h a r a c t e r i s t i c s o f each f l o w s h o u l d be used as i n p u t data. Two 
such f a c t o r s — c o s t o f movement and frequency o f movement--were inc luded 
i n the e a r l i e r work and were adopted i n t h i s s t u d y . 
P a r t 
Number 
Sequence 
01 1 - 2 - 3 - 6 - 5 - 8 
02 1 - 7 - k - 7 - 6 - 8 
03 1 - 2 - 7 - 8 
Ok 1 - 3 - 1*. - 7 -
P a r t s L i s t and p r o c e s s i n g data used f o r 
c o n s t r u c t i n g the M u l t i - P r o d u c t Process 
Chart shown below. 
Operat ions 
P a r t Numbers 
01 02 03 
1 Rough S t o r e s 
2 M i l l 
3 La the 
k D r i l l 
5 G r i n d 
6 P r e s s 
7 Saw 


















M u l t i - P r o d u c t Process C h a r t . 
F i g u r e 12. M u l t i - P r o d u c t Process Chart 
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The cost o f movement i s an es t imate o f the hand l ing cost o f 
moving a u n i t load o f the s p e c i f i c m a t e r i a l over some f i x e d d i s t a n c e . 
Obviously some method o f movement, as w e l l as a u n i t load s i z e must be 
considered i n making t h i s e s t i m a t e . C h a r a c t e r i s t i c s o f the m a t e r i a l , 
such as shape, s i z e , weight and d u r a b i l i t y must be considered i n s e l e c t ­
i n g the hand l ing method and i n making t h i s e s t i m a t e . 
The frequency o f movement r e f l e c t s the number o f u n i t loads t h a t 
are t o be moved i n a u n i t t ime p e r i o d . The q u a n t i t y considered f o r a 
u n i t load and the expected product ion q u a n t i t y per u n i t t ime are neces­
sa ry t o ca lcu la te t h i s f a c t o r . F i g u r e 13 shows the development o f these 
two f a c t o r s . A l s o , a column i n d i c a t i n g the number o f moves i n the 
sequence has been added f o r checking purposes . 







Move Cost/Move Move Sequence 
0 1 6 4 0 .025 1 - 2 - 3 - 6 - 5 - 8 
02A 4 4 0 .010 1 - 7 - 4 - 7 
0 2B 3 
CM 0 .025 7 - 6 - 8 
03 4 4 0 .015 1 - 2 - 7 - 8 
04 5 8 0 .010 1 - 3 - 4 - 7 - 8 
F i g u r e 1 3 . A Rev ised P a r t s L i s t (See Appendix I I I 
f o r I n f o r m a t i o n on Cost/Move Data) 
S ince the a d d i t i o n o f the cost per move column presupposes a par ­
t i c u l a r method o f hand l ing and a u n i t load s i z e , i t may be d e s i r a b l e t o 
break the f l o w o f some p a r t s i n t o s e c t i o n s which have common hand l ing 
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c h a r a c t e r i s t i c s . F o r example, p a r t number 02 has a sequence o f f l o w o f 
1 - 7 - 4 - 7 - 6 - 8 ; however, two d i f f e r e n t hand l ing methods are a n t i c i p a t e d . 
The sequence 1 - 7 - 4 - 7 w i l l be handled by one method w h i l e the sequence 
7 - 6 - 8 w i l l be handled by a d i f f e r e n t method. F i g u r e 13 i n d i c a t e s t h i s 
by showing two d i f f e r e n t p a r t s 02A and 02B which have d i f f e r e n t cos ts 
and f r e q u e n c i e s . 
Data Man ipu la t ion 
B e f o r e the main a l g o r i t h m can i n i t i a t e the l ayout p r o c e s s , the 
data must be t r a n s l a t e d i n t o a format u s e f u l t o the a l g o r i t h m . An index 
o f the movement cost f o r a s p e c i f i c p a r t can be obtained by m u l t i p l y i n g 
the frequency o f movement by the cost per move per f o o t o f t r a v e l . Con­
s i d e r p a r t number 0 1 . The cost o f f l o w can be found as f o l l o w s : 
4 moves/day x $0.025/move/100 f e e t o f t r a v e l = 
$ 0 . 1 0 / 1 0 0 f e e t o f t r a v e l / d a y 
Another way o f say ing t h i s i s t h a t p a r t number 0 1 w i l l increase 
the d a i l y m a t e r i a l s hand l ing cost by $0 .10 f o r every 100 f e e t o f d istance 
over which i t must t r a v e l . The f l o w path o f t h i s p a r t could be drawn on 
any proposed l a y o u t and the m a t e r i a l s hand l ing charges f o r i t could be 
ca lcu la ted . Since the number o f p a r t s could be numerous, t h i s method 
i s not p r a c t i c a l and a b e t t e r way o f i n d i c a t i n g the f l o w o f a l l the 
p a r t s i s needed. 
A From-To Chart i s used t o summarize the f low c o s t s o f a l l p a r t s 
f rom each department t o the o t h e r departments i n the l a y o u t . S t a t i n g 
t h i s mathematical ly 
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C. . = ) c. f o r a l l i and j 
1 3 a l l k 1 ] k 
where C . . i s the t o t a l f l o w cost f rom the i t h department t o the j t h 
department, and 
c^. i s the f l o w cost f rom the i t h department t o the j t h depart -
1 - ' ment f o r the k t h p a r t . 
The program combines the f l o w cos ts and sequence o f f low f o r each 
p a r t t o produce the t o t a l f l o w . F i g u r e 14 i s the From-To Chart o f t o t a l 
f low cost f o r the data given i n F i g u r e 1 3 . The elements o f t h i s chart 
express the f l o w i n one d i r e c t i o n o n l y . T o get a t r u e p i c t u r e o f the 
f l o w i n both d i r e c t i o n s , the m a t e r i a l f l o w cost i n one d i r e c t i o n must be 
added t o the f l o w cost f o r those moves made i n the r e v e r s e d i r e c t i o n . 
The sum produced i n t h i s manner i s a measure o f the m a t e r i a l f low be­
tween the two departments. F i g u r e 15 i l l u s t r a t e s the Flow-Between Cost 
Chart f o r the sample c a l c u l a t i o n s . The elements o f t h i s chart are sym­
m e t r i c about the main diagonal and r e p r e s e n t the penal ty o r cost o f 
s e p a r a t i n g two departments. 
The Flow-Between Cost Chart places the f l o w between two depart ­
ments i n the proper p e r s p e c t i v e , by p e r m i t t i n g a comparison t o a l l o t h e r 
f l o w s i n the f a c i l i t y . I f the f low between cost i s l a r g e r f o r one p a i r 
o f departments than f o r a n o t h e r , i t i s more impor tant t o locate the 
f i r s t p a i r c l o s e r t o g e t h e r , s ince t h i s cost i s an index o f the cost per 
f o o t o f s e p a r a t i o n . 
The Flow-Between Cost Chart produced by t h i s program i s i d e n t i c a l 
t o a combination o f the volume f l o w m a t r i x and the cost m a t r i x used i n 
the CRAFT r o u t i n e . However, the i n p u t process suggested here reduces 
TO 
1 2 3 k 5 6 7 8 
1 - .16 .08 - - . 04 -
2 - - . 10 - - .06 -3 - - - .08 .10 - -g 4 - - - _ _ _ .12 _ « 5 - - - - - - .10 
6 - - - .10 - - .05 T 
8 
- - — . 04 .05 - . 14 
F i g u r e 1 4 . F r o m - T o Chart o f T o t a l F low Cost 
1 2 3 h 5 6 7 8 
1 - .16 .08 - - . 04 -
2 .16 - . 10 - - .06 -3 .08 .10 - .08 .10 - -4 - - .08 - - .16 -LT\ - - - - .10 - .10 
6 - - .10 .10 - .05 .05 7 . 04 .06 - .16 .05 - . 14 co - - - .10 .05 . 14 -
F i g u r e 15. F low-Between Cost Chart 
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the u n c e r t a i n t y o f the elements o f the m a t r i x . A l l t h a t i s necessary t o 
ca lcu la te an es t imate o f the m a t e r i a l s hand l ing cost o f a l ayout i s the 
d i s t a n c e s between the p a i r s o f departments. 
S c o r i n g Technique 
One o f the b e s t p o s s i b l e ways o f comparing l a y o u t s would be t o 
ca lcu la te the m a t e r i a l s hand l ing c o s t s associa ted w i t h each arrangement 
o f the departments. Since the f low-between cost r e p r e s e n t s the cost 
per f o o t o f s e p a r a t i o n between a l l p a i r s o f departments, the m a t e r i a l s 
hand l ing cost assoc ia ted w i t h a l ayout could be est imated by summing 
the products o f f low-between c o s t s and the appropr ia te d i s t a n c e s . 
A general fo rmu la f o r the t o t a l m a t e r i a l s hand l ing cost es t imate 
i s g iven below 
n - 1 
TC = I I C d i , j = l , . . . , n 
i = l j i ] ] 
where 
TC i s an est imate o f the t o t a l hand l ing cost f o r the given 
arrangement, 
C. . i s the f l o w between cost f o r the i j p a i r , 
d . . i s the d is tance between the i t h department and the j t h 
^ department, and 
n i s the number o f departments concerned. 
D is tances between each p a i r o f departments are computed, based on 
t h e i r r e s p e c t i v e c e n t e r s . The measure o f d istance used i s based on 
s t r a i g h t - l i n e movements p a r a l l e l t o the axes o f the l a y o u t . I t was f e l t 
t h a t t h i s d is tance would more c l o s e l y approximate an actual f l o w path 
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than would a s h o r t e s t path o r d i r e c t d is tance measure. F i g u r e 16 
i l l u s t r a t e s t h i s method o f d is tance measurement. 
D i r e c t 
R e c t i l i n e a r 
F i g u r e 1 6 . Method o f Measuring Dis tance 
The A l g o r i t h m 
The problem t o be so lved by the a l g o r i t h m i s t o arrange the s e t 
o f a c t i v i t y areas o r departments i n such a manner as t o min imize the 
t o t a l m a t e r i a l s hand l ing c o s t . The a l g o r i t h m u t i l i z e s the area r e q u i r e ­
ments and the Flow-Between Cost Chart as i n p u t data. T o accomplish the 
task o f c r e a t i n g a s p a t i a l arrangement, i t repeatedly answers two b a s i c 
q u e s t i o n s u n t i l a l l areas have been assigned t o s p e c i f i c l o c a t i o n s : 
1 . What department s h o u l d be se lec ted next f o r placement i n 
the l ayout? 
2 . Where s h o u l d i t be placed? 
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The a l g o r i t h m begins w i t h a blank o r empty layout g r i d and e n t e r s 
departments one at a t ime u n t i l the l a s t department has been assigned 
a s p e c i f i c l o c a t i o n . F i g u r e 17 i l l u s t r a t e s a l ayout be fore and a f t e r 
department number 5 i s assigned a l o c a t i o n . 
A few terms need t o be def ined before the a l g o r i t h m can be d i s ­
cussed i n d e t a i l . The term " s e l e c t i o n process" w i l l r e f e r t o the method 
used i n answering the f i r s t q u e s t i o n , w h i l e "placement p rocess" w i l l 
r e f e r t o the second q u e s t i o n . Areas which have not y e t been placed i n 
the l a y o u t are considered t o be "ava i l ab le" and are l i s t e d on the 
"ava i l ab le l i s t . " (A f u r t h e r r e s t r i c t i o n o f t h i s term w i l l be presented 
l a t e r under the s e c t i o n on m o d i f i c a t i o n s and e x t e n s i o n s . ) Departments 
which have been assigned a s p e c i f i c l o c a t i o n i n the layout have been 
"placed" and are recorded on the "placed l i s t . " 
The S e l e c t i o n Methods 
The s e l e c t i o n process i s concerned w i t h the f i r s t o f the two 
q u e s t i o n s : "What department s h o u l d be se lec ted next f o r placement i n 
the l a y o u t ? " The process used must answer the q u e s t i o n i n such a way 
t h a t the r e s u l t i n g layout w i l l have a low m a t e r i a l s hand l ing c o s t . The 
answer t o t h i s q u e s t i o n i n v o l v e s the es tab l i shment o f some s e l e c t i o n 
c r i t e r i a . A number o f methods were i n v e s t i g a t e d i n t h i s s t u d y , and 
t h r e e a l t e r n a t i v e methods are inc luded i n the f i n a l program because o f 
t h e i r l o g i c a l s e l e c t i o n o f departments. The choice o f which method t o 
use t o e s t a b l i s h a layout i s l e f t up t o the u s e r ; however, i t i s recom­
mended t h a t a l l t h r e e methods be used t o e s t a b l i s h d i f f e r e n t l a y o u t s and 





The layout at some p o i n t 





Placement o f department number 5 
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Method A. The f i r s t s e l e c t i o n method i s based d i r e c t l y on the 
Flow-Between Cost C h a r t . F i r s t t h e "pair o f departments having the 
h i g h e s t f low-between cost i s s e l e c t e d f o r placement. Unnecessary sepa­
r a t i o n o f these two departments produces a l a r g e r pena l ty o r cost than 
any o t h e r p a i r ; t h e r e f o r e i t i s d e s i r a b l e t o i n s u r e t h e i r placement 
adjacent t o each o t h e r . 
A f t e r the f i r s t two departments have been ass igned l o c a t i o n s , 
a l l o t h e r departments are se lec ted by the process descr ibed below. 
P a i r s o f departments are considered f o r which one department i s on the 
a v a i l a b l e l i s t and the o t h e r department i s on the placed l i s t . The 
p a i r w i t h the h i g h e s t f low-between cost i s chosen and the member o f t h a t 
p a i r which was on the ava i l ab le l i s t i s considered as the se lec ted 
department. I t i s removed from the ava i lab le l i s t , ass igned a l o c a t i o n 
by the placement process and added t o the placed l i s t . T h i s procedure 
i s repeated u n t i l a l l o f the departments have been assigned a l o c a t i o n 
i n the l a y o u t . 
F i g u r e 18 i l l u s t r a t e s t h i s process g r a p h i c a l l y . The Flow-Between 
Cost Chart has been normal ized so t h a t a l l values f a l l between zero and 
one. T h i s i s done p u r e l y t o c l a r i f y the p r e s e n t a t i o n o f the c h a r t . 
Departments 1 , 2 and 7 are already i n the - layout , as i n d i c a t e d by the 
placed l i s t , and departments 3 , 4 , 5., and 6 are ava i lab le f o r placement. 
A l l columns except those on the placed l i s t are t e m p o r a r i l y crossed o f f 
the c h a r t . Next a l l vows except those on the ava i lab le l i s t are tempo­
r a r i l y crossed o f f . The remaining c e l l s r e p r e s e n t a l l o f the p a i r s o f 
departments t h a t have one member on each l i s t . These c e l l s are searched 
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t o f i n d the maximum value i n the s e t . The row which conta ins t h i s 
value r e p r e s e n t s the se lec ted department and the oolurnn r e p r e s e n t s the 
department which brought i t i n t o the l a y o u t . 
Ava i l ab le 
L i s t 1 
Placed L i s t 
2 7 
X X X X X X X 
X X X X X X X 
CO
 .62 .40 X X X X . 3 1 
4 .05 .63 X X X X .05 
5 . 37 .10 X X X X .72 
6 . 2 1 0 X X X X . 3 1 
X X X X X X X 
F i g u r e 18 . S e l e c t i o n by Method A—Based on the 
Maximum Flow-Between Cost Element 
Method B . The second s e l e c t i o n method i s i d e n t i c a l t o Method A 
w i t h r e s p e c t t o the f i r s t two departments s e l e c t e d . The p a i r o f depart ­
ments w i t h the h i g h e s t f low between cost i s the i n i t i a l p a i r placed i n 
the l a y o u t . 
The remaining s e l e c t i o n s are made by r e l a t i n g each department on 
the a v a i l a b l e l i s t t o a l l departments on the placed l i s t and then s e ­
l e c t i n g the department w i t h the h i g h e s t t o t a l r e l a t i o n s h i p t o those 
departments i n the l a y o u t . Consider the example shown i n F i g u r e 1 9 . 
The rows which have not been crossed o f f are the departments on the 
ava i l ab le l i s t w h i l e the columns remaining r e p r e s e n t the placed depart ­
ments. An "Entrance R e l a t i o n s h i p " has been added t o the char t and each 
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value i n t h i s column i s ca lcu la ted by adding the elements o f a row t h a t 
have not been crossed o f f . Consider department number 3. The Entrance 
R e l a t i o n s h i p i s ca lculated by adding the element i n t h a t row which r e p ­
r e s e n t s departments t h a t are already placed. 
E R 3 = .62 40 + . 3 1 = 1 33 
Ava i l ab le 
L i s t 1 2 
Placed L i s t 
7 
Ent rance 
R e l a t i o n 
X X X X X X X X 
X X X X X X X X 
3 .62 .40 X X X X . 31 1 .33 
4 .05 .63 X X X X .05 .73 
5 . 37 .10 X X X X .72 1.19 
6 . 2 1 0 X X X X . 3 1 .52 
X X X X X X X X 
F i g u r e 1 9 . S e l e c t i o n by Method B—Based 
on H i g h e s t Entrance R e l a t i o n s h i p 
By s e l e c t i n g the next department t o be placed i n the layout by 
t h i s method, the e n t e r i n g department i s chosen on the b a s i s o f i t s r e l a ­
t i o n t o a l l o f the departments already i n the l a y o u t . 
Method C. A somewhat d i f f e r e n t approach may be u t i l i z e d w i t h the 
l a t t e r s e l e c t i o n r o u t i n e . B e f o r e any s e l e c t i o n has been made, a " T o t a l 
Department Flow-Between Cost" i s ca lculated f o r each department by add­
i n g elements across each row o f the Flow-Between Cost Char t . 
4 1 
The departments are next ranked i n descending o r d e r based on 
t h e i r TDF-BC va lue . F i g u r e 20 i l l u s t r a t e s the values o f TDF-BC obtained 
f o r the sample problem and the r e s u l t i n g r a n k i n g . 
1 2 CO 4 5 6 7 TDF-BC Rank 
1 - 1.00 .62 .05 .37 . 2 1 .62 2 .87 3 
CM
 1.00 - .40 .63 . 7 1 0 .90 3 .64 1 
3 .62 .40 - .23 .32 . 2 1 . 31 2 .09 5 
4 .05 .63 .23 - .40 0 .05 1 . 36 6 
LO
 . 37 .10 .32 .40 - .20 .72 2 . 1 1 4 
co . 2 1 0 . 2 1 0 .20 - . 31 0 . 9 3 7 
7 .62 .90 . 31 105 .72 . 3 1 - 2 . 9 1 2 
F i g u r e 20 . S e l e c t i o n by Method C 
The department w i t h the h i g h e s t TDF-BC value i s se lec ted f i r s t , the 
second h i g h e s t value n e x t , e t c . , u n t i l a l l departments are i n the l a y ­
o u t . T h i s method may seem s l i g h t l y a r b i t r a r y u n t i l i t i s r e a l i z e d t h a t 
t h i s technique tends t o place those departments w i t h h i g h e s t h a n d l i n g 
c o s t s i n the middle o f the l a y o u t . 
Choice o f S e l e c t i o n Methods. Because o f the intended use o f the 
program, none o f the methods above were e l im ina ted from the f i n a l p r o ­
gram. I f t h e u s e r e l e c t s t o have each method produce a d i f f e r e n t l a y ­
o u t , he has at h i s d i s p o s a l , t h r e e d i f f e r e n t a l t e r n a t i v e s t o a id i n the 
e s t a b l i s h m e n t o f a f i n a l l a y o u t . I t must be remembered t h a t t h i s p r o ­
gram does not pretend t o p resen t a f i n a l l a y o u t , bu t i s on ly intended 
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t o s e r v e as an a id i n developing the r e l a t i v e l o c a t i o n and o r i e n t a t i o n 
o f the departments. 
The Placement Procedure 
As each department i s s e l e c t e d f o r e n t r y i n t o the l a y o u t , i t must 
be located i n such a way as t o ma in ta in a low m a t e r i a l s hand l ing c o s t . 
The method employed by the program i s q u i t e s i m p l e . The f i r s t two 
departments t o e n t e r the l ayout are placed s i d e - b y - s i d e i n the middle 
o f the l a y o u t g r i d . A f t e r t h a t , each department t h a t e n t e r s i s placed 
i n t o the e x i s t i n g layout i n such a p o s i t i o n t h a t i t w i l l increase the 
l ayout hand l ing cost by the s m a l l e s t amount. 
T o f i n d the exact l o c a t i o n f o r an e n t e r i n g department a per imeter 
i s f i r s t e s t a b l i s h e d around the o u t s i d e o f the p r e v i o u s l y located de­
p a r t m e n t s . P o i n t s around t h i s p e r i m e t e r are then assumed t o r e p r e s e n t 
the center o f the e n t e r i n g department. M a t e r i a l s hand l ing c o s t s between 
the e n t e r i n g department and the departments already i n the l ayout are 
then computed f o r each p o i n t i n the per imeter u s i n g t h i s assumed center 
t o e s t a b l i s h the necessary d i s t a n c e s . T h u s , an entrance cost i s a s s o ­
c ia ted w i t h the p o i n t s along the p e r i m e t e r . The e n t i r e per imeter i s 
searched f o r the minimum cost point- . Once the minimum cost p o i n t i s 
l o c a t e d , the department i s placed i n the l ayout u s i n g t h i s p o i n t as an 
approximat ion o f the center o f the department. 
T o compensate f o r the v a r i a t i o n i n s i z e o f the e n t e r i n g depart ­
ments , the p e r i m e t e r a c t u a l l y c o n s i s t s o f a number o f " r i n g s " around the 
p r e v i o u s l y located departments. S ince l a r g e r departments u t i l i z e a 
r i n g t h a t i s f a r t h e r f rom the e x i s t i n g layout than the r i n g s t h a t would 
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be used by s m a l l e r depar tments , the per imeter p o i n t s more c l o s e l y 
approximate the center o f a square incoming department than would p o i n t s 
taken f rom a s i n g l e per imete r r i n g . F i g u r e 21 i l l u s t r a t e s the use o f a 
minimum cost pe r imete r p o i n t i n l o c a t i n g a p a r t i c u l a r department. 
Once the center o f the se lec ted department i s f i x e d , the b locks 
are added t o the l ayout by a s p i r a l o r leap ing process as i n d i c a t e d i n 
F i g u r e 22 . T h i s method o f placement was used t o i n s u r e a r e l a t i v e l y 
square shape, the u s e r must e s t a b l i s h the exact shape d e s i r e d when he 
a d j u s t s the l a y o u t t o conform t o a l o g i c a l b u i l d i n g c o n f i g u r a t i o n . 
Al though t h i s placement method tends t o place departments i n the 
bes t p o s s i b l e l o c a t i o n as they e n t e r , i t i n no way guarantees an o p t i ­
mal s o l u t i o n , s i n c e a department which i s i n the layout i s not al lowed 
t o s h i f t o r a d j u s t t o e n t e r i n g departments. 
The Output 
There are t h r e e components o f the computer o u t p u t : 
1 . A l i s t i n g o f the i n p u t data i s produced f o r v i s u a l v e r i f i c a ­
t i o n o f the i n p u t data cards . Of ten i n p u t e r r o r s w i l l produce very 
mis lead ing output r e s u l t s . 
2 . A p r i n t o u t o f the From-To Chart and the Flow-Between Cost 
Char t . These c h a r t s s h o u l d be o f great value t o the u s e r i n a d j u s t i n g 
and r e v i s i n g the s p a t i a l arrangements. 
3. A p r i n t o u t o f each, o f the f i n a l s p a t i a l arrangements produced 
by the t h r e e d i f f e r e n t s e l e c t i o n methods u t i l i z e d i n the a l g o r i t h m . 
The form i s s i m i l a r t o the l a y o u t s produced by o t h e r computer 
programs i n t h a t departments are represented by a number o f u n i t b locks 
r' 
; i ! r 
L_ 
F i g u r e 2 1 . M u l t i p l e P e r i m e t e r 
R i n g s S u r r o u n d i n g a 
P a r t i a l Layout 
E x i s t i n g 
Layout 
B locks 
F i g u r e 2 2 . The S p i r a l i n g R o u t i n e 
P l a c i n g Department B l o c k s 
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arranged on a g r i d sys tem. I f the user so d e s i r e s , in te rmed ia te l a y o u t s 
can be p r i n t e d as each department i s added t o the l a y o u t . The f i n a l 
l ayout i n c l u d e s the m a t e r i a l s hand l ing cost assoc ia ted w i t h the given 
arrangement as w e l l as a l i s t i n g o f the order i n which departments 
entered the l a y o u t . A sample problem along w i t h the ou tput i s inc luded 
i n Appendix I I I . 
M o d i f i c a t i o n s and E x t e n s i o n s 
One m o d i f i c a t i o n was added t o the b a s i c program i n order t o 
handle s p e c i a l departments. I t may be d e s i r a b l e t o save some depart ­
ments f o r placement u n t i l e v e r y t h i n g e l s e has been arranged. A p r i o r i t y 
system i s used w i t h the area i n p u t data. Departments w i t h p r i o r i t y 
va lues o f one are arranged f i r s t . A f t e r they are e n t e r e d , departments 
w i t h a value o f two are added, e t c . The example i n Appendix I I I u t i ­
l i z e s t h i s m o d i f i c a t i o n . 
A second m o d i f i c a t i o n was made i n the form o f acceptable i n p u t 
data. The u s e r may already have a From-To Chart and not w i s h t o u t i l i z e 
the P a r t s L i s t f o r m a t , o r he may w i s h t o u t i l i z e some o t h e r form o f 
penal ty m a t r i x . The model was modi f ied t o accept e i t h e r one o f these 
forms i n place o f the P a r t s L i s t . A complete d e s c r i p t i o n o f i n p u t data 




The most s i g n i f i c a n t c o n t r i b u t i o n presented i n t h i s program i s 
found i n the i n p u t data r e q u i r e m e n t s . Fundamentally the program i s 
centered around the f l o w o f m a t e r i a l s w i t h i n the f a c i l i t y . Not only 
must the sequence o f opera t ions o f each p a r t be s p e c i f i e d , b u t a l s o the 
expected volume and cost o f movement o f each p a r t must be g i v e n . E x i s t ­
i n g programs assume t h a t a summary o f t h i s data e x i s t s o r they d iscount 
the importance o f i t a l t o g e t h e r . S ince m a t e r i a l s hand l ing p lays such 
a s i g n i f i c a n t r o l e i n the e s t a b l i s h m e n t o f p l a n t l a y o u t s , i t was deemed 
necessary t o inc lude i t as a c o n t r o l l i n g f a c t o r i n the computerized l a y ­
out r o u t i n e s . 
A second c o n t r i b u t i o n can be found i n the s e l e c t i o n and placement 
r o u t i n e s . T h r e e l o g i c a l methods o f s e l e c t i n g departments f o r placement 
are inc luded i n the program. Each method attempts t o b r i n g departments 
i n t o the l ayout i n such a manner t h a t la rge m a t e r i a l f l o w s w i l l be over 
s h o r t d i s t a n c e s . The placement r o u t i n e a ids the s e l e c t i o n r o u t i n e i n 
t h i s process by f i n d i n g the b e s t p o s s i b l e l o c a t i o n f o r departments as 
they e n t e r . A d d i t i o n a l l y the m u l t i p l e per imeter r i n g s and the s p i r a l 
placement r o u t i n e attempt t o provide r e l a t i v e l y compact department 
shapes , a f e a t not obtained i n some e x i s t i n g layout programs. 
F i n a l l y the r e s u l t i n g l ayout demands i n t e r a c t i o n from the layout 
engineer . The s p a t i a l arrangement must be molded i n t o a l o g i c a l 
47 
b u i l d i n g c o n f i g u r a t i o n . PLANET I I i s at b e s t an a id i n e s t a b l i s h i n g a 
l ayout o f a p roduc t ion f a c i l i t y . I t does n o t cons ider a l l o f the f a c ­
t o r s necessary i n producing a l a y o u t . I t i s up t o the l ayout engineer 
t o i n t e g r a t e the s u g g e s t i o n s given by the program w i t h the a d d i t i o n a l 
f a c t s a v a i l a b l e , such as s u b j e c t i v e c o n s i d e r a t i o n suggested by e x p e r i ­





L I S T I N G OF FORTRAN PROGRAM 
* * * MAIN FORTRAN PROGRAM * * * C THIS PROGRM CONTROLS THE SELECTION OF THE VARIOUS SUBROUTINES, C THE INPUT SUBROUTINE IS FIRST CALED TO INPUT THE NECESARY C DATA CAROS, CAL  INPUT (NDPTS,NDpAVL,KSELl#KSEL2,KSEL3) IF (KSELl.EQ.O) GO TO 200 CAL  SELl (NDPTS,NDPAVL,KSEL1) 200 CONTINUE IF (KSEL2.EQ.0) GO TO 300 CAL  SEL2 <NDPTSrNDPAVL,KSEL2> 300 CONTINUE IF (KSEL3.EQ.0) GO TO 400 CAL  SEL3 (N0PTS»NDPAVL»KSEL3) 400 CONTINUE STOP 
E N D 
* * * INPUT SUBROUTINE * * SUBROUT DIMENSI INTEGER COMON 
INE INPUT(NDPTStDPAVL,KSELl»KSEL21KSEL3 > ON TITLE(7)t REMARK(1),MVS0(9) BLANK /BLKA/ CSTMAT(9,9) « /BLKB/ NBLKS(9) /BLKE/ KPRI0R{9) « /BLKF/ KLASS(9) /BLKG/ KSYM(9g)rBLANK FORMAT (I,12fA3»I2t7Ab»12,F8.0,A2,12̂312) FORAT (H,A2,F8.0,I2*HA6) FORMAT <I1»A4,I2»I3,F10.»30A2> FORAT (Il,A2,I2»15F5tO) FORMAT (I1,A2»I1»38F2.0) FORAT (lH+»I5.1X,A3,I,/tf7X»7A6,//»4X»23HNUMBER OF DEPARTMENTS * =.I3,/.4X»17HUNIT BLOCK SIZE =,Fl0.2»/> 502 FORMAT (4X, 42HINPUT DATA IS IN THE FORM OF FORMAT (4X.45HINPUT DATA IS IN THE FORM OF FORAT (4X,47HINPUT DATA IS IN THE FOR  OF FORMAT (4X» 34HTHE TYPE OF SELECTION METHOD FORAT (/,10X,6HTYPE 1) 
101 102 103 104 105 501 
503 504 505 506 
A PARTS LIST.,/)A FR -T  CHART,•/> A PENALITY MATRIX.»/> USED:)
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5 0 7 F O R M A T </»10X»6HTYPE 2 ) 
5 0 8 F O R M A T (/,10X,6HTYPE 3 ) 
5 1 0 F O R M A T (//,49X,25HINpUT D A T A F O R D E P A R T M E N T , / , 5 3 X , 1 7 H B L 0 C K A L L O C A T 
* I O N S , / / ) 
5 1 1 F O R M A T ( 6 6 ( 2 H - ) » / » U X » 6 2 H D E P A R T M E N T R E Q U I R E D NUMBER OF 
• P R I O R I T Y R E M A R K S , / , 1 3 X , 3 3 H S Y M B 0 L A R E A B L O C K S , 
* / , 6 6 < 2 H ' ) , / ) 
5 1 2 F O R M A T ( 1 5 X t A 2 , 7 X , F 8 . 0 , 8 X » 1 4 , l O X , 1 2 , 1 0 X , l l A 6 , / ) 
5 1 3 F O R M A T </,49X,25HINPuT D A T A F O R P A R T S L I S T , / ) 
5 1 4 F O R M A T ( 6 6 ( 2 H - ) , / , 8 x » 4 5 H P A R T F R E Q U E N C Y COST/MOVE MOVE S E Q U 
* E N C E , / , 9 X , 2 9 H N 0 O F MOVE P E R 1 0 0 F T . , / , 6 6 ( 2 H - ) ) 
5 1 5 F O R M A T < / , 8 X , A 4 , 5 X , I 3 , 6 X , E 1 0 . 4 , 4 X , 3 0 < A 2 , 1 X ) ) 
5 1 6 F O R M A T t / , 4 X , A 2 , 3 X , 1 5 F 8 . 5 ) 
5 1 7 F O R M A T ( 1 H + » 4 4 X , 2 4 H N 0 R M A L I Z E D FROM-TO C H A R T , 1 5 X , E 1 4 . 7 , / / / , 5 X , 1 5 
* ( 6 X , A 2 ) , / ) 
5 1 8 F O R M A T < 5 0 X , 1 9 H P E N A L I T Y I N P U T D A T A * / / , 1 8 H D E P T P E N A L I T Y , / ) 
5 1 9 F O R M A T < 3 X , A 2 , 4 X , 3 8 < l X , I 2 > ) 
5 2 0 F O R M A T ( / ) 
5 2 1 F O R M A T < 3 0 X , 3 5 H N O R M A L I Z E D F L O W - B E T W E E N C O S T C H A R T , 1 5 X , E 1 4 # 7 » / / / , 
* 5 X f 1 5 ( 6 X , A 2 ) , / ) 
5 2 2 F O R M A T < / , 4 X , A 2 , 1 5 F 8 . 4 ) 
5 2 3 F O R M A T ( 5 X , 1 0 H T H E R E A R E , l 3 , 3 9 H D E P A R T M E N T S A V A I L A B L E F O R ARRANGEM 
* E N T • , ) 
5 2 * F O R M A T t 1 H + , 1 8 X , 5 5 H A L A Y O U T W I L L BE P R I N T E D O N L Y A F T E R T H E L A S T I T 
* E R A T I 0 N . , / ) 
5 2 5 F O R M A T ( 1 H + > 1 8 X » 4 6 H A L A Y O U T W I L L BE P R I N T E D A F T E R E A C H I T E R A T I O N . , 
* / ) 
901 F O R M A T ( / / , 6 6 ( 2 H * > , / / , 1 3 0 H E R R O R N U M B E R 0 0 1 — T H E PROGRAM D I D NO 
* T F I N D T H E P R O P E R L A B E L N U M B E R I N T H E CARD L A B E L COLUMN F O R T H E L A 
* Y O U T S P E C I F I C A T I O N CARO. » / / , 6 6 ( 2 H * ) ) 
9 0 2 F O R M A T < / / , 6 6 ( 2 H *) , / / ,13lH E R R O R N U M B E R 0 0 2 — T H E PROGRAM D I D NO 
* T F I N D T H E S T A T E D N U M B E R O F D E P A R T M E N T A R E A C A R D S B E F O R E E N C O U N T E R 
* I N G A NEW L A B E L I N COL 1 . , / / , 6 6 ( 2 H * ) ) 
9 0 3 F O R M A T ( 1 0 < 3 H * * ) » 4 X U H D E P A R T M E N T » A 2 , 3 6 H W I L L N O T A P P E A R I N T H E F 
* I N A L L A Y 0 U T , 3 X , 1 0 < 3 H * * ) , / , 1 0 < 3 H * * ) » 4 X , 5 1 H S I N C E T H E A R E A R E Q U I R E D 
* F O R I T I S L E S S T H A N A B L O C K , 1 X » 1 0 ( 3 H * * ) , / ) 
9 0 4 F O R M A T ( / / , 6 6 ( 2 H * ) , / / , 1 1 3 H E R R O R N U M B E R 0 0 4 — T H E PROGRAM F A I L E D 
* T 0 F I N D T H E P R O P E R L A B E L N U M B E R I N T H E F I R S T COLUMN OF A P A R T S L I S 
* T C A R D . , / / , 6 6 < 2 H * ) ) 
9 0 5 F O R M A T ( 1 0 ( 3 H * * ) , 4 X . 9 1 H T H E A B O V E CARD H A S AN I N V A L I O N U M B E R I N T H 
* E S I X T H AND S E V E N T H C O L U M N S AND I S B E I N G I G N O R E D . , / ) 
9 0 6 F O R M A T ( 1 0 ( 3 H * * ) , 4 X , 3 6 H T H E ABOVE MOVE S E Q U E N C E C O N T A I N S A « , A 2 , 5 0 
* H » W H I C H WAS NOT L I S T E D A S A D E P A R T M E N T I D E N T I F I E R . , / ) 
9 0 7 F O R M A T ( / / , 6 6 ( 2 H * ) , / / , 1 1 0 H E R R O R N U M B E R 0 0 7 — T H E PROGRAM F A I L E D 
* T O F I N D T H E P R O P E R L A B E L N U M B E R I N T H E F I R S T COLUMN O F A F R O M - T O C 
* A R D . , / / » 6 6 ( 2 H * ) ) 
9 0 8 F O R M A T ( / / , 6 6 ( 2 H * ) , / / , 1 2 1 H E R R O R N U M B E R 0 0 8 — T H E D A T A C A R D S F O R 
* T H E F R O M - T O C H A R T DO N O T L I S T T H E D E P A R T M E N T S I N T H E S A M E O R D E R A S 
* T H E A R E A C A R D S , , / / , 6 6 ( 2 H * ) ) 
9 0 9 F O R M A T < / / , 6 6 ( 2 H * ) , / / , 5 3 H E R R O R N U M B E R 0 0 9 — T H E D A T A C A R D S W I T 
* H I N D E P A R T M E N T , A 2 , 3 2 H A R E NOT I N T H E P R O P E R S E Q U E N C E • » / / , 6 6 ( 2 H * ) 
* > 
9 1 0 F O R M A T ( / / , 6 6 » 2 H * ) , / / » 8 4 H E R R O R N U M B E R 0 1 0 — T H E PROGRAM H A S F O U 
* N D T H E MAXIMUM C O S T V A L U E T O B E N O N P O S I T I V E . , / / , 6 6 < 2 H * ) > 
9 1 1 F O R M A T ( / / ,66<2H * ) , / / , 1 1 2 H E R R O R N U M B E R Oil — T H E PROGRAM D I D NO 
* T F I N D T H E P R O P E R L A B E L N U M B E R I N ONE OF T H E P E N A L I T Y M A T R I X D A T A 
* C A R D S . , / / , 6 6 < 2 H * ) » 
51 
912 FORMAT <//,66(2H * ) , / / , 9lH ERROR NUMBER 012 — THE DATA CARDS IN 
*THE INPUT DATA LISTS ARE NOT IN THE PROPER SEQUENCE, , / / , 66 (2H * ) ) 
913 FORMAT (/ / ,66(2H * ) , / / , 5 0 H ERROR NUMBER 013 THE DATA CARDS FOR 
XDEPARTMENT ,A2,30H ARE NOT IN THE CORRECT ORDER, »// .66(2H *) ) 
CALL PAGE(KLINES.KPAGE) 
C THIS SECTION OF THE INPUT SUBROUTINE IS USED TO READ THE 
C SPECIFICATION CARD AND THE DEPARTMENT AREA REQUIREMENTS FOR 
C ALL PROBLEMS, OTHER INPUT DATA IS READ AS INDICATED ON THE 
C SPECIFICATION CARD. 
READ<5,101) L,NDAY»NMONTH,NYEAR.TITLE»NDPTS,BSIZE,BLANK»INPTYP» 
* KSELl»KSEL2»KSEL3 
IF (L.EG.l) GO TO 10oO 
WRITE (6,901) 
STOP 
1000 WRITE(6.5OI> NDAY.NMONTH.NYEAR,TITLE#NDPTS.BSIZE 
IF (INPTYP - 2) 10Q1.10Q2.1003 
1001 WRITE (6,502) 
GO TO 1004 
1002 WRITE (6,503) 
GO TO 1004 
1003 WRITE (6,504) 
1004 WRITE (6,505) 
IF (KSELl.EQ.O) GO To 1005 
WRITE (6.506) 
IF (KSELl.EQ.l) WRITE (6,524) 
IF (KSELl.EQ.2) WRITE (6,525) 
1005 IF(KSEL2.EQ.0)G0 TO 1006 
WRITE (6,507) 
IF (KSEL2.EQ.1) WRITE (6,524) 
IF (KSEL2.EQ.2) WRITE (6,525) 
1006 IF (KSEL3.EQ.0) GO To 1007 
WRITE (6»508) 
IF (KSEL3,EQ.l) WRITE (6»524) 
IF (KSEL3,EQ,2) WRITE (6,525) 
1007 CALL PAGE(KLINES,KPAGE) 
NOPOMT = 0 
WRITE (6,510) 
WRITE (6,511) 
KLINES r 11 
C READ AREA REQUIREMENTS FOR EACH DEPARTMENT, 
DO 1010 I = 1,NDPTS 
READ(5»102) L»KSYM(I)»AREA»KPRIoR(I)»REMARK 
IF (L,EQ,2) GO TO 10o8 
WRITE (6,902) 
STOP 
1008 NBLKS(I) = AREA / BSlZE + 0,5 
IF (KPRI0R(I).EQ.O) K P R I O R ( I ) = 1 
WRITE (6»512) KSYM(I).AREA,NBLKS(I)»KPRI0R(I)»REMARK 
KLINES r KLINES + 2 
IF (NBLKS(I),GT,0) GO TO 1009 
KPRIOR(I) = - 1 
NDPOMT = NDPOMT • 1 
WRITE (6,903) KSYM(I) 
KLINES = KLINES • 2 
1009 IF (KLINES.LT.50) GO TO 1010 
CALL PAGE(KLINES,KPAGE) 
WRITE (6,511) 
KLINES - 5 
1010 CONTINUE 
NDPAVL = NDPTS - NOPOMT 
WRITE (6,523) NDPAVL 
DO 1015 ITHD = ItNDPTS 
IF (KPRIOR(ITHD).EQ.-l) GO TO 1015 
DO 1014 KTH = 1,9 
IF (KPRI0R(ITHD).GT.KTH) GO TO 1014 
KLASS(KTH) S KLASS(KTH) •• 1 
1014 CONTINUE 
1015 CONTINUE 
C THE PROGRAM MUST NOW BRANCH ON THE VARIOUS TYPES OF 
C MATERIALS FLOW INPUT DATA. 
IF (INPTYP - 2) 1020,1050,1100 
C THIS SECTION INPUTS MATERIALS FLOW DATA BY USING A PARTS 
C LIST, THERE IS NO LIMIT TO THE NUMBER OF PARTS THAT MAY 





KLINES = 11 
1022 READ (5,103) L,K1,NUM,KFREQ,C0ST,(MVSQtJ)»J=l, 30) 
IF (L.EQ.3) GO TO 1025 
WRITE (6,904) 
STOP 
1025 IF (NUM.EQ..99) GO TO 1065 
WRITE (6,515) Kl, KFREQ»COST»(MVSQ(J)•J=1»NUM) 
KLINES = KLINES •• 2 
IF (NUM.GT.l .AND.NUM.LE.30) GO TO 1026 
WRITE (6»905) 
KLINES = KLINES •• 2 
GO TO 1036 
1026 COST = COST * FLOAT(KFREQ) 
KHECK = 0 
DO 1027 I = 1,NDPTS 
IF (KSYM(I).NE.MVSQ(l)) GO TO 1027 
ITHD = I 
GO TO 1028 
1027 CONTINUE 
WRITE (6,905) MVSQ(l) 
KLINES = KLINES + 2 
KHECK = -1 
1028 CONTINUE 
DO 1035 K = 2,NUM 
DO 1029 J = 1,NDPTS 
IF (KSYM(J).NE.MVSQ(K)) GO TO 1029 
JTHD = J 
GO TO 1030 
1029 CONTINUE 
WRITE (6,906) MVSQ(K) 
KLINES = KLINES + 2 
KHECK = -2 
1030 IF (KHECK.E<3.0) GO To 1031 
KHECK = KHECK • 1 
GO TO 1032 
1031 CSTMAT(ITHD,JTHD) S CSTMAT(ITHD.JTHD) • COST 
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1 0 3 2 ITHD = JTHD 
1 0 3 5 CONTINUE 
1 0 3 6 I F ( K L I N E S . L T , 5 0 ) GO TO 1 0 2 2 
C A L L P A G E ( K L I N E S * K P A G E ) 
WRITE ( 6 * 5 1 4 ) 
K L I N E S = 5 
GO TO 1 0 2 2 
C T H I S S E C T I O N I N P U T S DATA FROM A FROM-TO C H A R T . A L L CARDS 
C A R E P R O C E S S E D B E F O R E THE CHART I S P R I N T E D . 
1 0 5 0 CONTINUE 
DO 1 0 6 0 ITHD = l . N D P T S 
KNT = 1 
DO 1 0 5 5 J r 1 , N D P T S * 1 5 
J S T A R T = J 
J S T O P = J + 1 4 
I F ( J S T O P . G T . N D P T S ) J S T O P r NDPTS 
READ ( 5 , 1 0 4 ) L » I C H K f j C H K . ( C S T M A T ( I T H D * J T H D ) » J T H D = J S T A R T . J S T O P ) 
I F ( L . E Q . 4 ) GO TO 1 0 5 1 
WRITE ( 6 » 9 0 7 ) 
STOP 
1 0 5 1 I F ( I C H K . E Q . K S Y M ( I T H D ) ) GO TO 1 0 5 2 
WRITE ( 6 * 9 0 8 ) 
STOP 
1 0 5 2 I F ( J C H K . E Q . K N T ) GO TO 1 0 5 5 
WRITE ( 6 * 9 0 9 ) ICHK 
S T O P 
1 0 5 5 KNT = KNT • 1 
1 0 6 0 CONTINUE 
C T H I S S E C T I O N WILL TAKE THE COST CHART FROM THE P A R T S L I S T 
C OR THE FROM-TO CHART DATA AND NORMALIZE I T AND THEN P R I N T 
C A C O P Y . 
1 0 6 5 CONTINUE 
DO 1 0 7 0 ITHO = 1 » N D P T S 
DO 1 0 6 9 JTHO = 1 * N D P T S 
I F ( C S T y A T ( I T H D , J T H D ) , L E . C S T M A X ) GO TO 1 0 6 9 
CSTMAX = C S T M A T ( I T H D , J T H D ) 
1 0 6 9 CONTINUE 
1 0 7 0 CONTINUE 
I F (CSTMAX) 1 0 7 1 * 1 0 7 1 * 1 0 7 2 
1 0 7 1 WRITE ( 6 * 9 1 0 ) 
STOP 
1 0 7 2 CONTINUE 
DO 1 0 7 5 ITHD = 1 * N D P T S 
DO 1 0 7 5 JTHD = 1 » N D P T S 
1 0 7 5 C S T M A K I T H D * J T H D ) = C S T M A T ( I T H D , J T H D ) / CSTMAX 
C T H I S S E C T I O N P R I N T S THE NORMALIZED FROM-TO C H A R T , 
DO 1 0 8 0 J = 1 , N D P T S * 1 5 
J S T A R T = J 
J S T O P = J + 1 4 
I F ( J S T O P , G T . N D P T S ) J S T O P = NDPTS 
DO 1 0 8 0 I = 1 , N 0 P T S » 2 5 
I S T A R T = I 
I S T O P = 1 + 2 4 
I F ( I S T O P , G T . N D P T S ) i S T O P = NDPTS 
C A L L P A 6 E ( K L I N E S » K P A G E ) 
WRITE ( 6 * 5 1 7 ) C S T M A X , ( K S Y M ( J J ) , J J = J S T A R T , J S T O P ) 
DO 1 0 8 0 I I = I S T A R T , I S T O P 
5^ 
1 0 8 0 WRITE ( 6 , 5 1 6 ) K S Y M ( I D r ( C S T M A T l I I , J J ) , J J = JSTART,JSTOP) 
GO TO 1 1 4 0 
C T H I S S E C T I O N I S USED TO INPUT THE THIRD T Y P E OF D A T A . 
1 1 0 0 C A L L P A G E ( K L I N E S , K P A G E ) 
WRITE ( 6 » 5 1 8 ) 
K L I N E S - 1 0 
DO 1 1 1 0 ITHD = 1 , N D P T S 
KNT = 1 
DO 1 1 0 5 J = 1 , N D P T S » 3 8 
J S T A R T r J 
J S T O P = J + 3 7 
I F ( J S T O P . G T . N D P T S ) J S T O P r NDPTS 
READ ( 5 , 1 0 5 ) LrlCHKrjCHK,(CSTMATCITHD,JTHD),JTHD=JSTART.JSTOP) 
I F ( L . E 0 . 5 ) GO TO LLOL 
WRITE ( 6 , 9 1 1 ) 
STOP 
1 1 0 1 I F ( I C H K . E Q . K S Y M ( I T H D ) ) GO TO 1 1 0 2 
WRITE ( 6 , 9 1 2 ) 
STOP 
1 1 0 2 I F ( J C H K . E Q . K N T ) GO TO 1 1 0 3 
WRITE ( 6 » 9 1 3 ) ICHK 
STOP 
1 1 0 3 CONTINUE 
1 = 1 
DO 1 1 0 4 J T H D = J S T A R T » j S T O P 
M V S Q ( I ) s C S T M A T ( I T H D , J T H D ) 
1 = 1 + 1 
1 1 0 4 CONTINUE 
I S T O P = 1 - 1 
WRITE ( 6 » 5 1 9 ) L » I C H K . J C H K , ( M V S Q ( I ) , I = l , I S T O P > 
K L I N E S = K L I N E S + 1 
1 1 0 5 KNT = KNT + 1 
WRITE ( 6 , 5 2 0 ) 
K L I N E S = K L I N E S + 1 
I F ( K L I N E S . L T . 5 2 ) GO TO 1 U 0 
C A L L P A G E ( K L I N E S , K P A G E ) 
WRITE ( 6 , 5 1 8 ) 
K L I N E S = 5 
1 1 1 0 CONTINUE 
DO 1 1 2 5 ITHD = 1 » N D P T S 
DO 1 1 2 4 J T H D = 1 , N D P T S 
I F ( C S T V A T ( I T H D , J T H D ) . L E . C S T M A X ) GO TO 1 1 2 4 
CSTMAX = C S T M A T ( I T H D , J T H D ) 
1 1 2 4 CONTINUE 
1 1 2 5 CONTINUE 
DO 1 1 3 0 ITHD = 1 » N D P T S 
DO 1 1 3 0 JTHD = 1 , N D P T S 
1 1 3 0 C S T M A T ( I T H D , J T H D ) = C S T M A T ( I T H D , J T H D ) / CSTMAX 
1 1 4 0 CONTINUE 
NDPTMl ~ NDPTS - 1 
DO 1 1 5 0 ITHD = 1 » N 0 P T M 1 
DO 1 1 5 0 JTHD = I T H D , N D P T S 
C S T M A T ( I T H D , J T H D ) = C S T M A T ( I T H D , J T H D ) • C S T M A T ( J T H D , i T H O ) 
1 1 5 0 C S T M A T ( j T H D r l T H D ) = C S T M A T ( I T H D , J T H D ) 
DO 1 1 6 0 J = l , N D P T S , l 5 
J S T A R T = J 
J S T O P = J + 1 4 
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I F ( J S T O P . G T . N D P T S ) J S T O P s NDPTS 
DO 1 1 6 0 I = 1 » N D P T S » 2 5 
I S T A R T = I 
I S T O P s I + 2 4 
I F ( I S T O P . G T . N D P T S ) I S T O P = NDPTS 
C A L L P A G E ( K L I N E S , K P A G E ) 
WRITE ( 6 » 5 2 l ) C S T M A X , ( K S Y M ( J J ) , J J = J S T A R T , J S T O P ) 
DO 1 1 6 0 I I = I S T A R T , I S T O P 
WRITE ( 6 , 5 2 2 ) K S Y M ( I I ) , ( C S T M A T ( I I , J j ) , J J s J S T A R T , J S T O P ) 
1 1 6 0 CONTINUE 
RETURN 
END 
* * * PAGE NUMBERING S U B R O U T I N E * * * 
SUBROUTINE PAGE ( K L l N E S r K P A G E ) 
C T H I S SUBROUTINE C A U S E S THE P R I N T E R TO S T A R T A NEW PAGE AND 
C NUMBER THEM IN C O N S E C U T I V E ORDER. THE L I N E COUNT I S S E T TO 
C Z E R O . 
KPAGE = KPAGE • 1 
K L I N E S = 0 
W R I T E ( 6 , 1 ) KPAGE 
1 F O R M A T ( 1 H 1 , 1 2 0 X , 4 H P A G E , I 4 ) 
RETURN 
END 
* * * S E L E C T I O N M E T H O D A S U B R O U T I N E * * * 
S U B R O U T I N E S E L 1 ( N D P T S , N D P A V L » K S E L D 
C T H I S S U B R O U T I N E S E L E C T S T H E N E X T D E P A R T M E N T T O E N T E R T H E 
C L A Y O U T B A S E D ON T H E MAXIMUM C O S T B E T W E E N A D E P A R T M E N T T H A T 
C I S I N T H E L A Y O U T AND A D E P A R T M E N T T H A T I S N O T I N T H E L A Y O U T . 
COMMON / B L K A / C S T M A T ( 9 9 » 9 9 ) 
* / B L K D / K S T A T E ( 9 9 ) 
* / B L K E / K P R I 0 R ( g 9 ) 
* / B L K F / K L A S S ( 9 ) 
D I M E N S I O N L I S T 0 R ( 9 9 ) 
N O I L A Y = 0 
1 0 1 0 C A L L C L E A R 
DO 1 0 1 5 I T H D = 1 , N D P T S 
1 0 1 5 K S T A T E ( I T H D ) = K P R I O R ( I T H D ) 
L P R I s 0 
1 0 1 6 L P R I = L P R I • 1 
I F ( K L A S S ( L P R I ) . L T . 2 ) GO T O 1 0 1 6 
C S T M A X = 0 
N s N D P T S - 1 
DO 1 0 2 5 I T H D = 1 , N 
I F ( K S T A T E ( I T H D ) . G T . L P R I . O R . K S T A T E ( I T H D ) . L T . O ) GO T O 1 0 2 5 
J = I T H D • 1 
DO 1 0 2 0 J T H D = J , N D P T S 
I F ( K S T A T E ( J T H D ) . G T . L P R I . O R . K S T A T E ( J T H D ) . L T . O ) GO T O 1 0 2 0 
I F ( C S T M A X . G T . C S T M A T ( I T H D » J T H D ) ) G O T O 1 0 2 0 
I T H D M X = I T H D 
JTHDMX = JTHD 
CSTMAX = CSTMATlITHD,JTHD) 1 0 2 0 CONTINUE 1 0 2 5 CONTINUE 
INDEPT s ITHDMX 
C A L L PLACE (NDILAY,INDEPT»NDPTS»TLYCST) LISTOR(NDILAY) = INDEPT IF (KSELl.EQ.2) CALL OUTPUT(TLYcSTtNDILAY•NDPAVL»LISTOR) 1 0 3 0 INDEPT z JTHDMX CALL PLACE (NDILAY,INDEPTrNDPTS,TLYCST) LISTOR(NDILAY) = INDEPT IF (KSELl.EQ.2) CALL OUTPUT(TLYcST•NDILAY•NDPAVL»LISTOR) 1 0 3 5 CSTMAX = 0 C THIS SECTION SELECTS ALL DEPARTMENTS AFTER THE FIRST TWO C HAVE BEEN PLACED IN THE LAYOUT. 
1 0 3 7 IF (NDILAY.LT.KLASS(LPRI) ) GO TO 1 0 4 0 LPRI = L P R I • 1 GO TO 1 0 3 7 1 0 4 0 CONTINUE 
DO 1 0 4 5 ITHD=1,NDPTS 
IF < K S T A T E < I T H D ) . G T . L P R I . O R , K S T A T E ( I T H D ) . L E . O ) GO TO 1 0 4 5 
DO 1 0 4 3 JTHD=1,NDPTS IF (KSTATE(JTHD).NE.O) 6 0 TO 1 0 4 3 IF (CSTMAX.GT.CSTMAT(ITHD,JTHD)  GO TO 1 0 4 3 ITHDMX = ITHD CSTMAX = CSTMAT(ITHD,JTHD) 1 0 4 3 CONTINUE 1 0 4 5 CONTINUE INDEPT xITHDMX 
CALL PLACE (NDILAY,iNDEPTrNDPTS,TLYCST) LISTOR(NDILAY) = INDEPT IF (KSELl.EQ.2) CALL OUTPUT(TLYcSTrNDILAY•NDPAVL*LISTOR) IF (NDILAY.LT.NDPAVL) GO TO 1 0 3 5 
IF (KSELl.EQ.l) CALL OUTPUT(TLYcSTrNDILAY*NDPAVL*LISTOR) RETURN END 
* * * S E L E C T I O N M E T H O D B S U B R O U T I N E * * * 
S U B R O U T I N E S E L 2 ( N D P T S , N D P A V L » K S E L 2 ) 
C T H I S S U B R O U T I N E U T I L I Z E S T H E R E L A T I O N S H I P B E T W E E N ONE 
C D E P A R T M E N T N O T I N T H E L A Y O U T AND A L L T H E D E P A R T M E N T S 
C I N T H E L A Y O U T . 
COMMON /BLKA/CSTMAT (g9,99) 
* / B L K D / K S T A T E ( 9 9 ) 
* / B L K E / K P R I 0 R ( 9 9 ) 
* / B L K F / K L A S S ( 9 ) 
D I M E N S I O N L IST0R ( 9 9 ) 
N D I L A Y = 0 
1 0 1 0 C A L L C L E A R 
DO 1 0 1 5 I T H D = 1 , N D P T S 
1 0 1 5 K S T A T E ( I T H D ) = K P R I O R U T H D ) 
L P R I = 0 
1 0 1 6 L P R I = L P R I • 1 
I F ( K L A S S ( L P R I ) . L T . 2 ) GO T O 1 0 1 6 
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N = N D P T S - 1 
DO 1 0 2 5 I T H D r l . N 
I F ( K S T A T E ( I T H D ) . G T . L P R I . O R . K S T A T E U T H D ) . L T . O ) GO TO 1 0 2 5 
J = I T H D • 1 
DO 1 0 2 0 J T H D = J . N D P T S 
I F ( K S T A T E t J T H D ) . G T . L P R I . O R . K S T A T E ( J T H D ) . L T . O ) GO TO 1 0 2 5 
I F ( C S T M A X , G T , C S T M A T ( I T H D * J T H D ) ) G O TO 1 0 2 0 
I T H D M X r I T H D 
J T H D M X r J T H D 
C S T M A X = C S T M A K I T H D , J T H D ) 
1 0 2 0 C O N T I N U E 
1 0 2 5 C O N T I N U E 
I N D E P T = I T H D M X 
C A L L P L A C E ( N D I L A Y , l N D E P T » N D P T S » T L Y C S T ) 
L I S T O R ( N D I L A Y ) = INDEPT 
I F < K S E L 2 , E Q , 2 ) C A L L O U T P U T < T L Y C S T * N D I L A Y » N D P A V L » L I S T O R ) 
1 0 3 0 I N D E P T r J T H D M X 
C A L L P L A C E ( N D I L A Y , I N D E P T » N D P T S » T L Y C S T ) 
L I S T O R ( M D I L A Y ) = I N D E P T 
I F ( K S E L 2 , E Q , 2 ) C A L L 0 U T P U T ( T L Y C S T * N D I L A Y # N D P A V L » L I S T 0 R ) 
1 0 3 5 C S T M A X = 0 
C T H I S S E C T I O N S E L E C T S A L L D E P A R T M E N T A F T E R T H E F I R S T TWO 
C H A V E B E E N E N T E R E D IN T H E L A Y O U T , 
1 0 3 7 I F ( N D I L A Y . L T . K L A S S l L P R I ) > G O TO 1 0 4 0 
L P R I = L P R I • 1 
GO TO 1 0 3 7 
1 0 4 0 C O N T I N U E 
0 0 1 0 5 0 I T H D = 1 , N D P T S 
I F ( K S T A T E ( I T H D ) , L E , 0 , O R , K S T A T E ( I T H D ) , G T , L P R I ) GO TO 1 0 5 0 
D E P C S T = 0 
0 0 1 0 4 5 J T H D r l , N D P T S 
I F ( K S T A T E ( J T H D ) . N E . O ) GO TO 1 0 4 5 
D E P C S T = D E P C S T + C S T M A T C I T H D * J T H D ) 
1 0 4 5 C O N T I N U E 
I F ( D E P C S T . L T , C S T M A X ) GO To 1 0 5 0 
I T H D M X = I T H D 
C S T M A X = D E P C S T 
1 0 5 0 C O N T I N U E 
I N D E P T = I T H D M X 
C A L L P L A C E ( N D I L A Y , I N D E P T ' N D P T S , T L Y C S T ) 
L I S T O R ( N D I L A Y ) = I N D E P T 
I F < K S E L 2 . E Q , 2 ) C A L L O U T P U T ( T L Y C S T » N D I L A Y » N D P A V L * L I S T O R ) 
I F ( N D I L A Y , L T . N D P A V L ) GO TO 1 0 3 5 
I F ( K S E L 2 . E Q . 1 ) C A L L 0 U T P U T ( T L Y C S T * N D I L A Y » N D P A V L » L I S T O R ) 
RETURN 
E N D 
* * * S E L E C T I O N M E T H O D C S U B R O U T I N E * * * 
S U B R O U T I N E S E L 3 < N D P T S » N D P A V L » K S E L 3 ) 
C T H I S S U B R O U T I N E S E L E C T S T H E E N T E R I N G D E P A R T M E N T S B A S E D ON 
C AN O R D E R E D L I S T OF T H E I R R E L A T I O N TO T H E O T H E R D E P A R T M E N T S , 
D I M E N S I O N L I S T ( 9 9 ) , T D P C S T ( 9 9 ) 
D I M E N S I O N L I S T 0 R ( 9 9 ) 
COMMON / B L K A / C S T M A T ( 9 9 , 9 9 ) 
* / B L K D / K S T A T E ( 9 9 ) 
* / B L K E / K P R I 0 R ( 9 9 ) 
* / B L K F / K L A S S ( 9 ) 
N D I L A Y s 0 
1 0 1 0 C A L L CLEAR 
DO 1 0 2 0 ITHD=1.NDPTS 
DO 1 0 1 5 J T H D = 1 » N D P T S 
1 0 1 5 T D P C S T ( l T H D ) = T D P C S T ( I T H D ) • C S T M A T ( I T H D * J T H D ) 
L I S T ( i T H D ) = ITHD 
1 0 2 0 K S T A T E ( I T H D ) = K P R I O R ( I T H D ) 
L A S T K = NDPTS • 1 
1 0 2 6 L A S T K = L A S T K - 1 
DO 1 0 3 0 K = 2 » L A S T K 
I = HST(K-L) 
J = HST(K) 
I F ( T D P C S T ( J ) . L T . T D P C S T ( D ) GO TO 1 0 3 0 
L I S T ( K ) = I 
L l S T ( K - L ) = J 
1 0 3 0 CONTINUE 
I F ( L A S T K . N E . 2 ) GO T o 1 0 2 6 
L A S T K = NDPTS • 1 
1 0 3 1 L A S T K = L A S T K - 1 
DO 1 0 3 5 K=2»LASTK 
I = L I S T ( K - L ) 
J = L I S T ( K ) 
I F (KSTATE(J).GE.KSTATE(I)) GO TO 1 0 3 5 
L I S T ( K - L ) = J 
L I S T ( K ) = I 
1 0 3 5 CONTINUE 
I F ( L A S T K , N E , 2 ) GO TO 1 0 3 1 
DO 1 0 4 0 I=1»NDPTS 
K = L I S T ( I ) 
I F ( K S T A T E ( K ) . N E . - L ) GO TO 1 0 4 5 
1 0 4 0 CONTINUE 
1 0 4 5 KTHD r 1 - 1 
1 0 5 0 KTHD s KTHD «• 1 
I N D E P T = L I S T ( K T H D ) 
C A L L P L A C E ( N D I L A Y * I N D E P T * N D P T S * T L Y C S T ) 
L I S T O R ( N D I L A Y ) = INDEPT 
I F ( K S E L 3 . E Q . 2 ) C A L L OUTPUT<TLYCST»NDLLAY»NDPAVL*LLSTOR) 
I F ( N D I L A Y . L T , N D P A V L ) GO TO 1 0 5 0 
I F ( K S E L 3 . E Q . 1 ) C A L L O U T p U T ( T L Y C S T » N D I L A Y » N D P A V L * L I S T O R ) 
RETURN 
END 
* * * LAYOUT C L E A R I N G SUBROUTINE * * * 
SUBROUTINE C L E A R 
C T H I S SUBROUTINE C L E A R S THE LAYOUT MATRIX 
COMMON / B L K C / L A Y O U T ( 1 0 0 » l o O ) « M A X I * M A X J * M I N I • M I N J 
DO 1 1 0 0 1 = 1 , 1 0 0 
DO 1 1 0 0 J = l * 1 0 0 




* * * PRINTOUT SUBROUTINE * * * SUBROUTINE OUTPUT(LYCST,NDlLAY,NDPAVL»LISTOR) C THIS SUBROUTINE PRINTS THE LAYOUTS AS REQUESTED BY THE USER. INTEGER BLANK DIMENSION LlNE(40) DIENSION LIST0R(99) COMON /BLKC/ LAYOUT(10•lOO)»MAXI,MAXJ,MINI•MINJ * / BLKG / KSYM(9)»BLANK 10  FORMAT (1H1,55X,6HLAY0UT»10X,E14.7»/) 101 FORAT (5X»40(1X,A2) ,/) 102 FORMAT (1H1,40X,20H LEFT HALF OF LAYOUT,/) 103 FORAT (1H1,40X,21H RIGHT HALF OF LAYOUT, 10X,E14.7,/) 104 FORMAT (28H THE ORDER OF PLACEMENT WAS ,30(A2,1X),/l3x,35(A2,lX)i */»l3X.35(A2,lX) DO 1010 L=l,40 1010 LINE(L) = BLANK K = MAXJ - MINJ • 1 IF (K.GT.40) GO TO lo50 WRITER,10) TLYCST DO 1040 I = MINI,MAXl L = 20 - K/2 DO 1030 J = MINJ,MAXj L = L • 1 NUM = LAY0UT(I,J) IF (NUM.LE.O) GO TO 1020 LINE(L) = KSYM(NUM) GO TO 1030 1020 LINE(L) = BLANK 1030 CONTINUE 1040 WRITE (6»10D(LINE(K),K=1,40) IF (NDILAY.EQ.NDPAVL) GO To 2000 RETURN 1050 WRITE (6»102) 
DO 1080 I = MINI»MAXI 
DO 1070 J = MINJ,50 NUM = LAYOUT(I»0) IF (NUM.LE.O) GO TO 1060 LINE(J) = KSYM(NUM) GO TO 1070 1060 LINE(J) = BLANK 1070 CONTINUE 1080 WRITE (6»10l) (LINE(K)»K=1,40) WRITE(6,103) TLYCST DO 1110 I = MINI,MAXl DO 1100 J = 51,AXJ L = J - 50 NUM = LAYOUT(I,J) IF (NUM.LE.O) GO TO 1090 LINE(L) = KSYM(NUM) GO TO 1100 1090 LINE(L) = BLANK 10  CONTINUE 110 WRITE (6,101) (LINE(K)»K=1,40) IF (NDILAY.EQ.NDPAVL) GO TO 2000 
RETURN 
2000 DO 2010 I=1»NDILAY 
J = LISTOR(I) 
2010 LISTOR(I) = KSYM(J) 
NUM = NDILAY • 1 
DO 2020 I=NUMF99 




* * * PLACEMENT SUBROUTINE * * * 
SUBROUTINE PLACE (NDLLAY, INDEPT, NDPTS* TLYCST) 
C THIS SUBROUTINE PLACES THE DEPARTMENTS IN THE EXISTING 
C LAYOUT. INDEPT IS THE INCOMING DEPARTMENT, 
DIMENSION DEPTMD< 99•2 >•IJPER1900•2) 
COMMON /BLKA/ CSTMAT<99»99) 
* /BLKB/ NBLKS<99) 
* /BLKC/ LAYOUT(LOO.LOO)»MAXI»MAXJ#MINI#MINJ 
* /BLKD/ KSTATE(99) 
IF (NDILAY-1) 1010>U00.1200 
1010 KTHD = INDEPT 
C THIS SECTION PLACES THE FIRST DEPARTMENT IN THE MIDDLE OF A 
C BLANK LAYOUT. 
IMID S 50 
JMID = 50 
NBLK = NBLKS<INDEPT) 
NBSD = SORTTNBLK) 
NBRM S NBLK - NBSD ** 2 
IFST = IMID - NBSD / 2 
ILST R IFST • NBSD - 1 
JFST = JMID - NBSD + 1 
JLST = JFST + NBSD - 1 
KSUMI S 0 
KSUMJ = 0 
DO 1020 I = IFSTTILST 
DO 1020 J = JFST»JLST 
KSUMI = KSUMI • I 
KSUMJ = KSUMJ • J 
1020 LAYOUT!I»J) = INDEPT 
MINI - IFST 
MAXI = ILST 
MINJ = JFST 
MAXJ = JMID 
IF (NBRM.EQ.O) GO TO 1050 
1030 NJ R JFST - 1 
1031 CONTINUE 
MINJ = NJ 
DO 1040 I = IFSTFLLST 
KSUMI = KSUMI • I 
KSUMJ S KSUMJ • NJ 
LAYOUT(I»NJ) R INDEPT 
NBRM = NBRM - 1 
IF (NBRM.EQ.O) GO TO 1050 
1040 CONTINUE 
NJ z NJ - 1 
GO TO 1031 
1050 CONTINUE 
KSTATE(INDEPT) = 0 
AUX1 s KSUMI 
AUX2 = KSUMJ 
AUX3 = N B L K 
DEPTMD(iNDEPTr1) = AUX1 / AUX3 
DEPTMD(INDEPT,2) = AUX2 / AUX3 
NDILAY r NDILAY • 1 
RETURN 
1100 CONTINUE 
C THIS SECTION PLACES T H E SECOND DEPARTMENT IN T H E LAYOUT. 
C ADJACENT TO T H E FIRST DEPARTMENT, 
NBLK = NBLKSlINDEPT) 
NBSD = SORT(NBLK) 
NBRM r NBLK - NBSD ** 2 
IFST = IM1D - NBSD / 2 
ILST = IFST • NBSD - 1 
JFST r JMID • 1 
JLST = jFST • NBSD - 1 
KSUMI = 0 
KSUMJ = 0 
DO 1110 I = IFST,ILST 
DO 1110 J = JFST,JLST 
KSUMI = KSUMI • I 
KSUMJ = KSUMJ • J 
1110 LAYOUT(I»J) = INDEPT 
IF ( IFST .LT .MINI) MINI = IFST 
IF (ILST.GT.MAXI) MAxI * ILST 
MAXJ = JLST 
IF ( N B R M . E Q . O ) GO T O 1140 
N J = JLST + 1 
1120 MAXJ = NJ 
DO 1130 I = IFST*ILST 
KSUMI = KSUMI • I 
KSUMJ = KSUMJ • NJ 
LAYOUT(I»NJ) = INDEPT 
NBRM = NBRM - 1 
IF (NBRM.EQ.O) GO T O 1140 
1130 CONTINUE 
NJ = NJ + 1 
GO T O H20 
1140 CONTINUE 
KSTATE(INDEPT) = 0 
AUX1 = KSUMI 
AUX2 = KSUMJ 
AUX3 = NBLK 
DEPTMD(INDEPT,1) = AuXl / AUX3 
DEPTMD(INDEPT,2) = AUX2 / AUX3 
XI = DEPTMD<KTHD*1) 
XJ z DEPTMD(KTHD• 2) 
Yl = DEPTMD(INDEPT*1) 
YJ = DEPTMD(INDEPT,2) 
D S T = ABS(XI-YI) • A B S ( X J - Y J ) 
TLYCST = CSTMAT(KTHD,INDEPT) * DST 
N D I L A Y = N D I L A Y • 1 
RETURN 
1 2 0 0 COSMIN = 2 * * 2 7 
I F S T = M I N I - 6 
I L S T = MAXI 4 6 
J F S T = M I N J - 6 
J L S T = MAXJ • 6 
I F ( I F S T . L T . 1 ) I F S T = 1 
I F ( J F S T . L T . l ) J F S T = 1 
DO 1 2 1 0 I = I F S T . I L S T 
DO 1 2 1 0 J = J F S T . J L S T 
I F ( L A Y O U T ( I r J ) . L T . O ) L A Y O U T ( I # J ) = 0 
1 2 1 0 CONTINUE 
NBRM = N B L K S i I N D E P T ) 
DO 1 2 1 3 I = 2 » 5 
INDEX = 1 - 1 
I T E S T = ( I * 2 - 1 ) * * 2 
I F ( N B R M . L T . I T E S T ) 6 0 TO 1 2 1 4 
1 2 1 3 CONTINUE 
INDEX = 5 
1 2 1 4 INDXP = - 1 
1 2 1 5 N B L K I P = 0 
I = M I N I • INOXP 
J F S T = M I N J • INDXP 
DO 1 2 2 0 J = J F S T . 8 0 
I F ( L A Y O U T ! I + l . J + l ) . N E . O ) GO TO 1 2 2 5 
1 2 2 0 CONTINUE 
1 2 2 5 N B L K I P r N B L K I P • 1 
I J P E R ( N B L K I P . I ) = I 
U P E R ( N B L K I P » 2 ) = J 
L A Y O U T ( I » J ) = INDXP 
KPB = 1 
1 2 3 0 I = U P E R ( K P B . l ) 
J = U P E R ( K P B . 2 ) 
I M 1 = 1 - 1 
I P 1 = I • 1 
J M 1 = J - 1 
J P 1 = J + 1 
IDUM1 = - 1 
IDUM2 = 1 
DO 1 2 6 0 I I = I M 1 . I P 1 
DO 1 2 6 0 J J = J M I , J P 1 
IDUM2 = IDUM1 * I0UM2 
I F ( I D U M 2 . E Q . - 1 ) GO TO 1 2 6 0 
I F ( L A Y 0 U T < I I » J J ) . N E . O ) 6 0 TO 1 2 6 0 
I I M 1 = 1 1 - 1 
I I P 1 = 1 1 + 1 
J J M 1 = J J - 1 
J J P 1 = J J • 1 
DO 1 2 4 0 I I I = I I M l . I l P l 
DO 1 2 4 0 J J J = J J M l f J j P l 
I F ( L A Y O U T U I I . J J J ) . E Q . O ) GO TO 1 2 4 0 
I F ( L A Y 0 U T ( I I I r J J J ) . G T . I N D X P ) Go TO 1 2 5 0 
1 2 4 0 CONTINUE 
GO TO 1 2 6 0 
1 2 5 0 N B L K I P = N B L K I P • 1 
I F ( N B L K I P . G T . 9 0 0 ) STOP 
U P E R ( N B L K I P » 1 ) = I I 
UPER{NBLKIP#2) = JJ 
LAYOUT*II.JJ) = INDXp 
1260 CONTINUE 
IF IKPB.EQ.NBLKIP) GO TO 1270 
KPB = KPB • 1 
GO TO 1230 
1270 I F (INDEX • INDXP) 1275,1280,1275 
1275 INDXP s INDXP - 1 
GO TO 1215 
1280 CONTINUE 
DO 1320 K = 1,NBLKIP 
CST = 0 
XI = IJPERlK.l) 
XJ = IJPER(K»2) 
DO 1310 KTHD =l»NOPTs 
IF (KSTATE(KTHD).NE.O) GO TO 13io 
Yl = DEPTMD(KTHD*1) 
YJ = DEPTMD(KTHD*2) 
DST = ABS(XI-YI) • ABS(XJ-YJ) 
1300 CST = CSTMAT(KTHDrlNoEPT) * OST • CST 
1310 CONTINUE 
IF (CST.GT.COSMIN) GO TO 1320 
COSMIN = CST 
KBEST = K 
1320 CONTINUE 
KFLAG = 0 
I = UPER( KBEST, 1) 
J = UPER(KBEST,2) -1 
JDT - 1 
IDT = 0 
K1I = 0 
K1J = 0 
KONTI = 0 
KONTJ z 0 
KSUMI s 0 
KSUMJ = 0 
C GENERAL PLACEMENT PROCEDURE. 
1400 I s I • IDT 
J = J • JDT 
IF (I.LE.9.0R.I #GT.9o) GO TO 1440 
IF (J.LT.9.0R.J.GT.90) GO TO 1440 
IF (LAYOUT(I,J) tGT#0) GO TO 1440 
IF (KFLAG.EQ.O) GO TO 1420 
C THIS SECTION TESTS FoR CONTIGUITY 
IM1 = I - 1 
IP1 = 1 + 1 
JM1 = J - 1 
JP1 = J • 1 
DO 1410 I I = IM1»IP1 
DO 1410 JJ = JM1,JP1 
IF (LAYOUT(II,JJ),EQ.INDEPT) GO TO 1420 
1410 CONTINUE 
GO TO 1440 
1420 LAYOUTU»J) = INDEPT 
KFLAG = 0 
1430 CONTINUE 
KSUMI 5 KSUMI • I 
K S U M J = K S U M J • J 
NBRM = NBRM - 1 
I F t l . L T . M I N I ) M I N I = I 
I F ( I . G T . M A X I ) MAXI = I 
I F ( J . L T . M I N J ) M I N J = J 
I F ( J . G T . M A X J ) MAXJ = J 
I F ( N B R M . E Q . O ) GO TO 1 4 9 0 
GO TO 1 4 4 1 
1 4 4 0 K F L A G = 1 
1 4 4 1 CONTINUE 
C T H I S S E C T I O N S E L E C T S THE NEXT BLOCK TO B E T E S T E D . 
I F ( K O N T l . N E . K l I ) GO TO 1 4 6 0 
KONTI = 0 
I F ( I D T . E Q . O ) GO TO 1 4 5 0 
I D T = 0 
GO TO 1 ^ 6 0 
1 4 5 0 I D T = ( - 1 ) * * ( K 1 I + 2 ) 
K 1 I = K l I + 1 
1 4 6 0 KONTI r KONTI • 1 
I F ( K O N T J . N E . K 1 J ) GO TO 1 4 8 0 
K O N T J = 0 
I F ( J D T . E Q . O ) GO TO 1 4 7 0 
K 1 J = K 1 J • 1 
J D T = 0 
GO TO 1 4 8 0 
1 4 7 0 J D T s (-1) * * ( K 1 J • 1 ) 
1 4 8 0 K O N T J s KONTJ • 1 
GO TO litOO 
1 4 9 0 CONTINUE 
A U X 1 z KSUMI 
AUX2 = KSUMJ 
AUX3 z N B L K S ( I N D E P T ) 
D E P T M D l I N D E P T , 1 ) = A U X 1 / A U X 3 
D E P T M D ( I N D E P T , 2 ) = AUX2 / AUX3 
X I = D E P T M D ( I N D E P T , 1 ) 
X J = D E P T M D ( I N D E P T , 2 ) 
DO 1 5 1 0 KTHD = 1 , N D P T S 
I F ( K S T A T E ( K T H D ) . N E . O ) GO TO 1 5 1 0 
Y l = D E P T M D ( K T H D , 1 ) 
Y J = D E P T M D ( K T H D , 2 ) 
DST = A B S ( X I - Y I ) • A B S ( X J - Y J ) 
T L Y C S T = T L Y C S T • C S T M A T ( K T H D , I N D E P T ) * DST 
1 5 1 0 CONTINUE 
K S T A T E ( I N D E P T ) z 0 




APPENDIX I I 
PREPARATION OF INPUT 
T h i s appendix d i s c u s s e s the i n p u t data t h a t must be provided f o r 
the program. There are f i v e d i f f e r e n t types o f cards t h a t may be s u b ­
m i t t e d and they are d iv ided i n t o t h r e e general ca tegor ies : r u n data 
cards , departmental requi rements cards and f l o w s p e c i f i c a t i o n cards . 
Run Data Cards 
Each PLANET I I r u n must conta in a s i n g l e r u n data card which 
s p e c i f i e s : 
1 . The l ayout name o r t i t l e . 
2 . The number o f departments t o be inc luded i n the l a y o u t . 
3. The s i z e o f a u n i t b lock . 
4 . The o p t i o n s d e s i r e d f o r t h i s r u n . 
There i s only one acceptable format f o r t h i s card and a d e s c r i p ­
t i o n o f the f i e l d s p e c i f i c a t i o n s i s given below (see F i g u r e 2 3 ) . 
Column 
1 The i d e n t i f i c a t i o n code 1 must be entered . 
2-8 The date o f the computer r u n , o r any o t h e r date may be entered . 
T h i s date w i l l appear i n t h e o u t p u t . The date i s entered i n the 
form DDMMMYY where DD i s the day o f the month, MMM i s the month 
and YY i s the year . 
9-50 The layout t i t l e t o be p r i n t e d i n the p r i n t o u t . 
51-52 The number o f departments t o be entered i n the l a y o u t . T h i s 
number must be l e s s than o r equal t o 9 9 . 
66 
Column 
53-60 T h e s i z e o f a u n i t b l o c k i n s q u a r e u n i t s . I t may b e a n y s q u a r e 
u n i t t h e u s e r d e s i r e s s o l o n g a s t h e u n i t a g r e e s w i t h t h e a r e a 
s p e c i f i c a t i o n on t h e d e p a r t m e n t a l r e q u i r e m e n t s c a r d . T h i s f i e l d 
m u s t b e r i g h t j u s t i f i e d a n d may c o n t a i n a d e c i m a l p o i n t . 
61-62 T h e s e t w o c o l u m n s m u s t b e b l a n k . 
63-64 A n u m e r i c c o d e i s e n t e r e d t o i d e n t i f y t h e t y p e o f m a t e r i a l s f l o w 
d a t a t h a t i s b e i n g e n t e r e d . 
0 1 F l o w d a t a i s i n t h e f o r m o f a P a r t s L i s t . 
0 2 F l o w d a t a i s i n t h e f o r m o f a F r o m - T o C h a r t . 
0 3 F l o w d a t a i s i n t h e f o r m o f a P e n a l t y M a t r i x . 
65-66 A d i f f e r e n t s e l e c t i o n f l a g f i e l d i s a v a i l a b l e f o r e a c h s e l e c t i o n 
67-68 m e t h o d a v a i l a b l e . C o l u m n s 6 5 a n d 66 a r e f o r s e l e c t i o n M e t h o d A , 
69-70 6 7 a n d 68 a r e f o r M e t h o d B , a n d 69 a n d 70 a r e f o r M e t h o d C . T h e 
n u m e r i c c o d e p r e s e n t i n e a c h f i e l d w i l l d e t e r m i n e i f t h a t p a r t i c u ­
l a r m e t h o d i s d e s i r e d a n d w h a t p r i n t o u t o p t i o n s h o u l d b e u s e d . 
00 Do n o t u s e t h e s e l e c t i o n m e t h o d d e s i g n a t e d b y t h i s f i e l d . 
0 1 U s e t h e s e l e c t i o n m e t h o d i n d i c a t e d b y t h i s f i e l d a n d p r i n t 
a l a y o u t a f t e r t h e l a s t d e p a r t m e n t i s p l a c e d i n t h e l a y o u t . 
0 2 U s e t h e s e l e c t i o n m e t h o d i n d i c a t e d b y t h i s f i e l d a n d p r i n t 
a l a y o u t a f t e r e a c h d e p a r t m e n t i s e n t e r e d i n t h e l a y o u t . 
D e p a r t m e n t a l R e q u i r e m e n t s C a r d s 
E a c h PLANET I I r u n m u s t c o n t a i n o n e d e p a r t m e n t a l r e q u i r e m e n t s 
c a r d f o r e a c h d e p a r t m e n t t o b e c o n s i d e r e d i n t h e r u n . T h i s n u m b e r o f 
d e p a r t m e n t s m u s t a g r e e w i t h t h e n u m b e r o f d e p a r t m e n t s i n d i c a t e d on t h e 
r u n d a t a c a r d . E a c h d e p a r t m e n t a l r e q u i r e m e n t s c a r d s p e c i f i e s 
1 . T h e name a s a d e s c r i p t i o n o f t h e d e p a r t m e n t . 
2 . T h e d e p a r t m e n t n u m b e r o r i d e n t i f i e r . 
3 . T h e a r e a r e q u i r e m e n t s f o r t h e d e p a r t m e n t . 
4 . T h e p r i o r i t y o f p l a c e m e n t ( o p t i o n a l ) . 
T h e r e i s o n l y o n e a c c e p t a b l e f o r m a t f o r t h e d e p a r t m e n t a l r e q u i r e ­
m e n t s c a r d a n d t h e d e t a i l s a r e g i v e n b e l o w ( s e e F i g u r e 2 4 ) . 
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DATE LAYOUT T I T L E 
co. 
BLOCK 
S I Z E 
S E L E C T 
CODES 
O o w 
EH 
pq 
o o w 
EH 




























DEPARTMENT NAME OR DESCRIPTION 
F i g u r e 2k. Departmental Requirements Card Format 
6 8 
Column 
1 T h e i d e n t i f i c a t i o n c o d e 2 m u s t b e e n t e r e d . 
2-3 T h e d e p a r t m e n t n u m b e r o r i d e n t i f i e r m u s t b e e n t e r e d a s i t i s 
g o i n g t o a p p e a r on t h e p r i n t e d l a y o u t s . Any c o m b i n a t i o n o f 
l e t t e r s o r n u m b e r s may b e u s e d . 
4-11 T h e a r e a r e q u i r e d f o r t h e d e p a r t m e n t i s e n t e r e d i n t h i s f i e l d a n d 
m u s t b e r i g h t j u s t i f i e d . I t may c o n t a i n a d e c i m a l p o i n t . T h e 
u n i t o f m e a s u r e m u s t a g r e e w i t h t h e u n i t u t i l i z e d t o d e s i g n a t e 
t h e u n i t b l o c k s i z e on t h e r u n d a t a c a r d . 
12-79 T h e d e p a r t m e n t name o r d e s c r i p t i o n may b e e n t e r e d i n t h i s f i e l d . 
F l o w S p e c i f i c a t i o n C a r d s 
E a c h PLANET I I r u n m u s t c o n t a i n i n f o r m a t i o n on t h e m a t e r i a l f l o w ­
i n g t h r o u g h t h e f a c i l i t y ; h o w e v e r t h e r e a r e t h r e e p o s s i b l e f o r m a t s f o r 
i n p u t i n g t h i s i n f o r m a t i o n . 
P a r t s L i s t C a r d s 
T h e u s e r may e l e c t t o e n t e r h i s d a t a i n t h e f o r m o f a p a r t s l i s t , 
a s i n d i c a t e d i n A p p e n d i x I I I . I f t h i s o p t i o n i s d e s i r e d , c o l u m n s 6 3 - 6 4 
o f t h e r u n d a t a c a r d s h o u l d c o n t a i n a 0 1 . Any n u m b e r o f p a r t s l i s t 
c a r d s c a n b e e n t e r e d ; h o w e v e r t h e l a s t d a t a c a r d must b e f o l l o w e d b y a 
t r a i l e r c a r d w i t h 99 p u n c h e d i n c o l u m n s 6 - 7 . T h e f o r m a t s p e c i f i c a t i o n s 
f o r p a r t s l i s t c a r d s i s g i v e n b e l o w ( s e e F i g u r e 2 5 ) . 
Column 
1 T h e i d e n t i f i c a t i o n c o d e 3 m u s t b e e n t e r e d . 
2-5 T h e p a r t n u m b e r o r i d e n t i f i e r m u s t b e e n t e r e d a s i t i s g o i n g t o 
a p p e a r o n t h e p r i n t o u t . A n y c o m b i n a t i o n o f l e t t e r s , n u m b e r s o r 
s p e c i a l c h a r a c t e r s may b e u t i l i z e d . 
6-7 T h e n u m b e r o f d e p a r t m e n t s l i s t e d i n t h e move s e q u e n c e m u s t b e 
e n t e r e d i n t h i s f i e l d , r i g h t j u s t i f i e d . T h i s n u m b e r m u s t b e 
l e s s t h a n o r e q u a l t o 3 0 . I f m o r e d e p a r t m e n t s a r e n e c e s s a r y , 
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Column 
T h e u s e r may a l r e a d y p o s s e s s d a t a i n t h e f o r m o f a F r o m - T o C h a r t 
a n d w i s h t o u t i l i z e t h i s a s i n p u t . T h e n u m b e r o f c a r d s r e q u i r e d b y t h i s 
f o r m a t i s a m u l t i p l e o f t h e n u m b e r o f d e p a r t m e n t s a n d d e p e n d s on t h e 
n u m b e r o f c a r d s n e c e s s a r y t o e n t e r t h e d a t a f o r a s i n g l e d e p a r t m e n t . 
T h e c a r d s m u s t b e s e q u e n c e d on d e p a r t m e n t s f i r s t a n d i n t h e same order 
a s t h e d e p a r t m e n t a l s p e c i f i c a t i o n s c a r d s . W i t h i n a d e p a r t m e n t , c a r d s 
m u s t b e s e q u e n c e d b y t h e c a r d n u m b e r s i n d i c a t e d i n c o l u m n s 4 - 5 . 
Column 
1 T h e i d e n t i f i c a t i o n c o d e 4 m u s t b e e n t e r e d . 
2-3 T h e d e p a r t m e n t n u m b e r o r i d e n t i f i e r m u s t b e e n t e r e d i n t h i s 
f i e l d f o r a l l c a r d s w h i c h c o n t a i n s e g m e n t s o f t h e g i v e n d e p a r t ­
m e n t s r o w i n t h e F r o m - T o C h a r t . 
4-5 A l l F r o m - T o C h a r t c a r d s f o r a g i v e n d e p a r t m e n t m u s t b e g r o u p e d 
t o g e t h e r a n d n u m b e r e d i n c o l u m n s 4 - 5 s t a r t i n g w i t h 0 1 a n d p r o ­
c e e d i n g u n t i l t h e l a s t c a r d f o r t h a t d e p a r t m e n t i s c o m p l e t e d . 
t h e s e q u e n c e m u s t b e b r o k e n a n d t w o o r m o r e p a r t s l i s t c a r d s 
u t i l i z e d t o d e s c r i b e t h e s p e c i f i c p a r t . 
8-10 T h e f r e q u e n c y o f m o v e m e n t m u s t b e e n t e r e d i n t h i s f i e l d , r i g h t 
j u s t i f i e d . T h e u n i t o f t i m e c o n s i d e r e d m u s t b e c o n s t a n t f o r a l l 
p a r t s a n d i s t h e u n i t o f t i m e c o n s i d e r e d w h e n t h e t o t a l h a n d l i n g 
c o s t i s p r i n t e d . 
11-20 T h e c o s t p e r move p e r h u n d r e d u n i t s o f d i s t a n c e t r a v e l e d i s 
e n t e r e d i n t h i s f i e l d , r i g h t j u s t i f i e d . T h e u n i t o f t r a v e l 
s h o u l d b e c o n s i s t e n t w i t h t h e a r e a u n i t s u t i l i z e d e a r l i e r i n t h e 
b l o c k s i z e s p e c i f i c a t i o n a n d t h e d e p a r t m e n t a l a r e a r e q u i r e m e n t s . 
T h e f i e l d may c o n t a i n a d e c i m a l p o i n t a n d i s a s s u m e d t o b e i n 
d o l l a r s . 
21-22 T h e s e 30 f i e l d s c o n t a i n t h e m o v e s e q u e n c e b y u t i l i z i n g t h e 
23-24 d e p a r t m e n t n u m b e r s o r i d e n t i f i e r s s p e c i f i e d on t h e d e p a r t m e n t a l 
25-26 r e q u i r e m e n t s c a r d s . T h e n u m b e r o f d e p a r t m e n t s e n t e r e d m u s t c o r -
. . . r e s p o n d t o t h e n u m b e r i n d i c a t e d i n c o l u m n s 6 - 7 . 
79-80 





























FROM - TO CHART ELEMENTS 
F i g u r e 26. F r o m - T o Char t Card Format 
71 
Column 
(THE DEPARTMENTAL SEQUENCE IN IDENTIFYING ROWS MUST MATCH THE 
SEQUENCE IN IDENTIFYING COLUMNS.) 
6-10 THESE 15 FIELDS REPRESENT ELEMENTS FROM THE FROM-TO CHART. FOR 
11-15 CARD 01 (COLUMNS 6-7) THE FIELDS REPRESENT THE ELEMENTS OF 
16-20 COLUMNS 1 THROUGH 15 OF THE FROM-TO CHART, FOR CARD 02 THEY 
21-25 REPRESENT THE ELEMENTS OF COLUMNS 16 THROUGH 30, ETC. 
76-80 
PENALTY MATRIX CARDS 
A FINAL FORM OF INPUT DATA THAT MAY BE ENTERED IS THE PENALTY 
MATRIX (FIGURE 27). IT SHOULD BE REMEMBERED THAT THE PROGRAM IS TRYING 
TO MINIMIZE A SUMMATION OF THE PRODUCTS OF THE DISTANCES AND ELEMENTS OF 
THIS MATRIX; HENCE A LARGE PENALTY VALUE FOR A GIVEN ELEMENT WILL CAUSE 
THE PROGRAM TO TRY TO LOCATE THE INDICATED DEPARTMENTS CLOSE TOGETHER. 
THE NUMBER OF CARDS REQUIRED BY THIS INPUT FORMAT IS A MULTIPLE OF THE 
NUMBER OF DEPARTMENTS INCLUDED IN THE RUN. THE CARDS MUST BE GROUPED 
FIRST BY DEPARTMENTS AND IN THE SAME ORDER AS THE DEPARTMENTAL SPECIFI­
CATIONS CARDS. WITHIN A DEPARTMENT, CARDS MUST BE SEQUENCED BY THE CARD 
NUMBER INDICATED IN COLUMN H. 
Column 
1 THE IDENTIFICATION CODE 5 MUST BE ENTERED. 
2-3 THE DEPARTMENT NUMBER OR IDENTIFIER MUST BE ENTERED IN THIS FIELD 
FOR ALL CARDS WHICH CONTAIN SEGMENTS OF THE GIVEN DEPARTMENTS ROW 
OF THE PENALTY MATRIX. 
4 ALL PENALTY MATRIX CARDS FOR A GIVEN DEPARTMENT MUST BE GROUPED 
TOGETHER AND NUMBERED IN COLUMN 4 STARTING WITH 1 AND PROCEEDING 











On < <c 
p 
PENALTY MATRIX ELEMENTS 
F i g u r e 2 7 . P e n a l t y M a t r i x Card Format 
7 3 
Column 
5-6 T h e s e 38 f i e l d s r e p r e s e n t e l e m e n t s f r o m t h e P e n a l t y M a t r i x . F o r 
7-8 c a r d 1 t h e s e f i e l d s r e p r e s e n t t h e e l e m e n t s o f c o l u m n s 1 t h r o u g h 
9-10 3 8 o f t h e P e n a l t y M a t r i x , f o r c a r d 2 t h e y r e p r e s e n t t h e e l e m e n t s 
11-12 o f c o l u m n s 39 t h r o u g h 7 6 , e t c . 
79-80 
I n p u t D a t a D e c k 
T h e i n p u t d a t a d e c k f o r a r u n u t i l i z i n g a P a r t s L i s t i s s h o w n i n 
F i g u r e 2 8 . F r o m - T o C h a r t c a r d s o r P e n a l t y M a t r i x c a r d s w o u l d b e s u b ­
s t i t u t e d f o r t h e P a r t s L i s t c a r d s i f t h e u s e r d e s i r e d t o u s e f l o w d a t a 
i n o n e o f t h e s e o p t i o n a l f o r m a t . 
PARTS L I S T CARDS 
DEPARTMENTAL REQUIREMENTS CARDS 
RUN DATA CARD 
F i g u r e 28. I n p u t Data Deck 
75 
APPENDIX I I I 
A SAMPLE PROBLEM 
T h i s appendix descr ibes the a p p l i c a t i o n o f the program t o the 
d e t e r m i n a t i o n o f a departmental arrangement f o r a p l a n t producing a i r 
compressors at a r a t e o f 80,000 per year . 
A l i s t o f the r e q u i r e d product ion departments i s g iven i n Tab le 
1 along w i t h the f l o o r area necessary f o r each department. 
Tab le 1 . Area Requirements f o r 





( s q . f t . ) 
1 Rough S t o r e s 729 
2 M i l l 9 84 
CO
 Lathe 3944 
4 D r i l l 1229 
5 Gr inder 234 
6 P r e s s 301 
7 Hone 45 
8 Saw 138 
9 Bore 120 
10 F i n a l I n s p e c t i o n 46 8 
I t i s assumed t h a t m a t e r i a l w i l l be moved by one o f t h r e e p o s s i b l e 
methods based on the weight o f a u n i t load as ind ica ted i n Tab le 2 . 
76 
Tab le 2 . Handl ing Methods 
U n i t 
Load Cost/Move 
Weight per 
( l b s . ) Method o f Handl ing 100 f t . 
0 - 2 5 A—Man . $0 ,010 
25 - 500 B—Walk ie P a l l e t L i f t 0 .015 
500 - Up C—Fork T ruck L i f t 0 .025 
I t i s a l s o assumed t h a t each p a r t w i l l be moved i n l o t s o f 100 p a r t s . 
The cos t f i g u r e s given i n Table 2 are only meant t o be r e p r e s e n t a t i v e o f 
the d i f f e r e n t methods. More accurate es t imates shou ld be obtained when 
e n t e r i n g t h i s data f o r ac tua l a p p l i c a t i o n s . 
The p a r t s o f the compressors t o be made i n t h i s p l a n t are l i s t e d 
i n Tab le 3 and the f l o w sequence o f each p a r t i s shown i n Tab le 4 , these 
t a b l e s being used t o prepare the i n p u t deck, as descr ibed i n Appendix 
I I . A complete l i s t i n g o f the i n p u t deck i s given i n F i g u r e 29 . The 
f i r s t card i s the r u n data card; the next ten cards are departmental 
requ i rements cards . Departments 1 and 10 were given a second c l a s s p r i ­
o r i t y t o i n s u r e a l o c a t i o n on an o u t s i d e w a l l . The remaining cards are 
p a r t s l i s t cards . Note t h a t a t r a i l e r card i s necessary when e n t e r i n g 
data f rom a p a r t s l i s t . 
F i g u r e s 30 , 3 1 , and 32 show t h a t output l i s t i n g s o f the i n f o r m a ­
t i o n contained on the data cards . F i g u r e 31 i n d i c a t e s t h a t a l l depart ­
ments are "ava i lab le f o r arrangement," meaning t h a t each department i s 
presented by at l e a s t one u n i t b lock . 
77 




(100 HANDLING PER 




1 CRANKCASE 1100 C 
2 CYLINDER 500 C 
3 CYLINDER BEAD 300 B 
4 CRANKSHAFT 150 B 
5 CONNECTING ROD 75 B 
6 PISTON 50 B 
7 PISTON PIN 12.5 A 
12 OUTSIDE BEARING 12.5 A 
13 INSIDE BEARING 15 A 
14 BREATHER 50 B 
15 FLYWHEEL 1800 C 
16 COVER PLATE 12.5 A 
18 SUCTION FITTING 12.5 A 
19 DISCHARGE FITTING 12.5 A 
20 VALVE 38 B 
21 COVER GASKET 12.5 A 




















































Table 4 . P a r t s Flow Sequence 
P a r t 
No. Name Move Sequence 
1 Crankcase 1 - 2 - 3 - 6 - 4 - 1 0 Csi C y l i n d e r l_3_i+_7_10 
OO C y l i n d e r Bead 1 - 3 - 4 - 1 0 
4 Crankshaf t 1 - 8 - 3 - 2 - 4 - 1 0 
5 Connecting Rod 1 - 5 - 4 - 9 - 4 - 2 - 6 - 4 - 6 - 1 0 
6 P i s t o n 1 - 3 - 4 - 1 0 
7 P i s t o n P i n 1 - 8 - 3 - 5 - 1 0 
12 Outs ide Bear ing 1 -3 -10 
13 I n s i d e Bear ing 1 -3 -10 
14 B r e a t h e r 1 - 2 - 4 - 1 0 
15 F lywhee l 1 - 3 - 6 - 1 0 
16 Coverplate 1 -6 -10 
18 S u c t i o n F i t t i n g 1 -3 -10 
19 Discharge F i t t i n g 1 - 3 - 2 - 1 0 
20 Valve 1 -6 -10 
21 Cover Gasket 1 -6 -10 
34 B r e a t h e r P l a t e 1 -6 -10 
110FEB71SAMPLE PROBLEM FOR T H E S I S - AIRCOMPRESSOR 10 25 01010101 
2 1 729 2ROUGH STORES 
2 2 9 84 1MILL 
CM
 3 3944 1LATHE 
2 4 1229 1 D R I L L 
2 5 234 1GRINDER 
2 6 301 1PRESS 
2 7 45 1H0NE 
CM
 8 138 1SAW 
2 9 120 1B0RE 
210 468 2FINAL INSPECTION 
3 1 6 4 0 .025 1 2 3 6 410 
3 2 5 4 0 .025 1 3 4 710 
3 3 4 4 0 .015 1 3 410 
3 4 6 4 0 .015 1 8 3 2 410 
3 510 4 0 .015 1 5 4 9 4 2 6 4 610 
3 6 4 4 0 .015 1 3 410 
3 7 5 4 0 .010 1 8 3 510 
3 12 3 8 0 .010 1 310 
3 13 3 4 0 .010 1 310 
3 14 4 4 0 .015 1 2 410 
3 15 4 4 0 .025 1 3 610 
3 16 3 4 0 .010 1 610 
3 18 3 8 0 .010 1 310 
3 19 4 4 0 .010 1 3 210 
3 20 3 4 0 .015 1 610 
3 2 1 3 12 0 .010 1 610 
3 34 3 4 0 .010 1 610 
3 99 T H I S I S THE T R A I L E R 
F i g u r e 29. A L i s t i n g o f the I n p u t Cards f o r the Sample Problem 
U3 
80 
I f s o m e d e p a r t m e n t s a r e s m a l l e r t h a n a u n i t b l o c k , t h e p r o g r a m w o u l d n o t 
c o n s i d e r t h e m f o r p l a c e m e n t . F i g u r e s 3 3 a n d 3 4 a r e p r i n t o u t s o f t h e 
F r o m - T o C h a r t a n d t h e F l o w - B e t w e e n C o s t C h a r t , r e s p e c t i v e l y . T h e s e 
c h a r t s a r e n o r m a l i z e d a n d a t r u e v a l u e f o r e a c h e l e m e n t c a n b e f o u n d b y 
m u l t i p l y i n g e a c h e l e m e n t b y t h e n o r m a l i z a t i o n f a c t o r g i v e n a b o v e t h e 
t a b l e . ( . 5 6 0 0 0 0 + 0 0 r e p r e s e n t s . 5 6 x 1 0 ° . ) 
F i g u r e s 3 5 , 3 6 , a n d 3 7 i n d i c a t e t h e f i n a l a r r a n g e m e n t s d e v e l o p e d 
b y t h e d i f f e r e n t s e l e c t i o n m e t h o d s . Two o b s e r v a t i o n s s h o u l d b e made 
a b o u t t h e s e a r r a n g e m e n t s . F i r s t , s i n c e t h e p r o g r a m i s a t t e m p t i n g t o 
h a v e r e l a t i v e l y s q u a r e d e p a r t m e n t s , h o l e s may b e p r e s e n t i n a l a y o u t . 
S e c o n d , e v e n t h o u g h t h e s e l e c t i o n m e t h o d s u s e d i f f e r e n t d e c i s i o n r u l e s 
f o r t h e s e l e c t i o n o f t h e n e x t d e p a r t m e n t , t h e y c a n r e s u l t i n t h e s a m e 
l a y o u t s a s i n d i c a t e d b y F i g u r e s 3 5 a n d 3 6 . 
T h i s s a m p l e p r o b l e m u s e d 1 7 . 8 9 3 s e c o n d s o f c o m p u t e r t i m e on a 
U n i v a c 1 1 0 8 . T h e c o s t o f s u c h p r o c e s s i n g w o u l d b e a p p r o x i m a t e l y $ 3 . 0 0 
a t t h e p r e s e n t c h a r g e . 
1 0 F E « 7 1 
SAMPLE PROFJLFM FOR T H E S I S - A I R C O M P R E S S O R 
P A G E 1 
NUMUER OF D E P A R T M E N T S - 1 0 
U N I T BLOCK S I ^ E = 2 5 . 0 0 
IRJPUT DATA I S I N THE FORM OF A P A R T S L I S T . 
THE T Y P E OF SELECTION_MET"HOD U S E U : 
T Y P E 1.. . A _ LAYOUT W * L L B T _ . H R L , I R E D O N L Y _ A F T E P THE L A S T I T E R A T I O N . ^ 
~T"YPFCT2 A LAYOUT W I L L B T H R I N ' E D ONLY A F T T P THE L A S T I T E R A T I O N . 
T Y P E 3 A LAYOUT W I L L B E PR I N ^ED ONLY A F T E P J T H E L A S T I T E R A T I O N . 
F i g u r e 3 0 . P r i n t o u t o f I n f o r m a t i o n f r o m Run D a t a C a r d 
PAGE 2 INPUT DAT  FOR DFPARTMFNT PL.OCK ALOCATIONS — -
DEPARTMENT" SYMBOL REQUIRED AREA " NUMBER OF °LOCkS "PRIORITY REMARKS 
1 729, 29 
2 ROUGH STORES 2 984 . 39 1 MIL  3 158 1 LATHE 1229. *»9 1 DRIL  5 2 3 1 , 9 1 GRINDER 6 3 o i , 12 1 PRES 7 4 5 . 2 1 HONE 8 138. 6 
1 SAW 9 120. CP 1 BORE 10 ^68, 19 
2 FtN*L INSPECTION THERE ARE lo DEPARTMENTS AVAILABLE FOR ARRANGEMENT, 
F i g u r e 3 1 . P r i n t o u t o f I n f o r m a t i o n f r o m D e p a r t m e n t a l R e q u i r e m e n t s C a r d s CO 
INPUT DAT  FOR PARTS LIST part FKtlOUEf-IC T COST/MOVt MOVE SEQUENCE NO OF MOVE PR 1 0 0 FT, 1 4 . 2 5 0 0 - 0  1 2 3 6 4 1 0 2 4 . 2 5 0 0 - 0 1 1 3 4 7 1 0 3 4 • 1 5 0 0 - 0 1 1 3 4 1 0 ___ 
4 4 . 1 5 0 0 - 0 1 1 8 3 _2_J!* 1 0 5 4 . 1 5 0 0 - 0 1 1 5 4 9 4 
2 6 4 6 1 0 6 4 . 1 5 Q 0 - 0 1 _ 1 _ a 1 0 
7 4 • 1 0 0 0 - 0 1 1 . 8 5 in 1 2 8 . 1 0 0 0 - 0 1 1 3 1 " 
1 3 4 • 1 0 0 0 - 0 1 1 3 1 ? 
1 * „ 4 . 1 5 0 0 - 0 1 1 2 'i 1 0 1 5 4 . 2 5 0 0 - 0 1 1 3 6 1 0 
1 6 4 . 1 0 0 0 - 0 1 1 6 in 1 6 8 . 1 0 0 0 - 0 1 1 3 1 " 
1 9 4 . 1 0 0 0 - 0 1 1 3 2 1 0 
2 0 4 . 1 5 0 0 - 0 1 1 6 1_°_ 
2 1 1 2 • 1 0 0 0 - 0 1 1 6 1 0 
3 4 4 • 1 0 0 0 - 0 1 1 6 1 0 
Figure 32. Printout of Information from Parts List Cards 
NO^MALIZFD FROM-TO CHART ,t>6o0ooo*o0 
1 2 3 4 5 6 7 8 9 10 
1 .00000 .2fl5 71 1.00000 .0000" .10714 ,Hf,U?9 •OOOOO .17857 •ooooo . 0 0 0 0 0 
2 •ooooo •ooooo .17857 •QOO°O .10714 •ooooo •ooooo .00000 •07143 
3 •ooooo .17857 .00000 .3928° •O^IUS • 3571 4* •ooooo •ooooo •ooooo . 3571* 
4 •noOOO .10714 •ooooo .OOOOO •ooooo .10714 ,17857 •ooooo •10714 .6071*+ 
5 •ooooo .00000 .00000 • lO?! 1* •nOo°0 •Ooooo . 0 0 0 0 0 •ooooo •ooooo .07143 
6 •ooooo •oopoo ^00000 .28571 •o°o°o •OooOO •ooooo •0O000 •ooooo .75000 
7 •ooooo .ooooo .00000 •ooooo •oOo°rt •OnoOO •Ooooo •ooooo •ooooo •17857 
8 •ooooo •ooooo . . 1 7 8 5 7 .0000° •ooooo •ooooo •ooooo •ooooo •ooooo •ooooo 
9 ,ooooo _J)0000_ __A_p_ooop_ f l 0 7 1 * to°ono ,Onooo ,00000 , 0 0 0 0 0 .ooooo , 0 0 0 0 0 
10 • 01)000 •ooooo •ooooo •ooooo •0O000 .OpoOO . 0 0 0 0 0 •ooooo •ooooo . 0 0 0 0 0 
F i g u r e 3 3 . P r i n t o u t o f Normal ized From-To Chart 
NORMALIZE^ FLow-^ETwEEN COST CHART ,56onooo+oo 
1 2 " 3 4 5 6 7 8 9 1 0 
1 . 0 0 0 0 , 2 8 5 7 1 . 0 0 0 0 • 0 Q 0 0 • 1 0 7 1 . 4 6 ^ 3 • oooo , 1 7 8 5 .oo'oo"" . 0 0 0 0 
2 . 2 8 5 7 . 0 0 0 0 . 3 5 7 1 . 3 2 1 4 .flooo , 1 0 7 l • oooo . 0 0 0 0 • oooo . 0 7 1 4 — 
i 1 . 0 0 0 0 , 3 5 7 1 , 0 0 0 0 ^ . 3 9 2 9 . 0 7 j u . 3 5 7 1 • OOOo , 1 7 8 6 .oooo . 3 5 7 1 
4 • 0 0 0 0 . 3 2 1 4 . 3 9 2 9 .oooo . 1 0 7 1 . 3 9 2 9 . 1 7 B 6 .oooo • 2 1 ^ 3 . 6 0 7 1 
5 . 1 0 7 1 . 0 0 0 0 . 0 7 1 4 . l o 7 l "Voooo .OOOn . 0 0 0 0 , 0 0 0 0 .oooo" . 0 7 1 4 
6 . 4 6 4 3 , l o 7 l / 3 5 7 l " . 3 9 2 9 • oooo . 0 0 0 0 • OOOo .oooo "" .oooo"- . 7 5 0 0 
7 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 1 7 B 6 • OOoO , 0 0 0 0 . 0 0 0 0 , 0 0 0 0 .oooo . 1 7 8 6 
8 . 1 7 8 6 . 0 0 0 0 . " 1 7 8 6 .oooo • OOnO , 0 0 0 0 • oooo , 0 0 0 0 • oooo • 0 0 0 0 
9 . 0 0 0 0 , 0 0 0 0 , 0 0 0 0 ~ • 2 i4 3 ".OOoO "oooo , 0 0 0 0 , 0 0 0 0 • oooo , 0 0 0 0 
1 0 . 0 0 0 0 . 0 7 1 4 . 3 5 7 1 • boa . 0 7 i 4 . 7 5 0 0 • 1 7 8 6 , 0 0 0 0 .oooo • OOOO 
F i g u r e 34. P r i n t o u t o f Normal ized Flow-Between Cost Chart 
LAYOUT , 6 9 6 7 1 3 2 + 0 2 
•> 5 S 
5 5 5 
S 5 5 
10 IO IO 10 LN 
10 IO IN IO 
10 IO 10 10 
10 l n 10 10 
10 10 
4 4 * 4 4 4 «• 
4 4 *• 4 u 4 *• 
4 4 H 4 4 4 4 
4 4 *• 4 n 4 4 
4 _ 4 ** 4 4 4 4 
4 4 *• 4 4 4 4 
? 5 3 3 3 3 3 3 3 3 3 J 3 
3 3 3 3 3 3 3 3 3 3 3 3 3 
3 , 3 3 3 3__ _3 3 3 3 3 3 3 _ 3 
3 3 3 3 3 3 3 3 3 3 3 3 3 
6 6 6 6 
6 6 6 6 
3 3 3 3 3 3 3 3 3 3 3 3 3 
' 3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
2 2 g 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 _ 3 






2 2 2 2 2 2 
2 2 2 2 2 2 
2 2 2 2 2 2 
3 3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 3 
2 2 2 2 2 2 
2 2 2 2 2 2 
2 2 2 2 2 2 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 
THE ORDER QF PL*CEMENT WAS 4 6 3 2 9 7 8 5 1 1 0 
F i g u r e 35. F i n a l Layout Produced by Method A 00 
LAYOUT 
4 4 *• 4 4 4 4 
4 (• *+ 4 14. U 4 
4 4 4 4 1+ 4 4 
4 4 *• 4 14. 4 4 
4 4 4 4 4 1| 4 
4 4 ** 4 t» 4 4 
6 6 6 6 
6 6 ft 6 
3 3 3 3 3 3. _3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 
3__3 3 3 3 3 3 3 3 3 3 
2 g 
3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 3 







2 2 „ 2 2 2 2 
2 2 2 2 2 2 
2 2 2 2 2 2 
2 2 2 2 2 2 
2 2 2 2 2 2 
2 2 2 2 2 2 
T H E ORDER p F P L A C E y E N T WAS 4 6 3 2 9 7 q • L J L ' L . A 
F i g u r e 36 . F i n a l Layout Produced by Method 
LAYOU 
_ 8 _ _ > _ ? 
8 8 8 
. 7 2 0 ^ 5 7 6 + 0 2 
1 0 1 0 1 0 1 0 1 0 
10 10 10 10 10 
10 l_0._lp_10_10 
10 10 10 10 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 - » 3 3 3 3 3 3 3 3 3 
3 3 3 ^ 3 3 3 3 3 3 3 3 3 
3 3 3 - » 3 3 3 3 3 3 3 3 3 
3 3 3 ^ 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 3 3 
H 4 4 14 jf 4 n 
4 if 4 4 4 4 4 
4 *• 4 4 4 4 4 
2 2 2 
2 2 2 2 2 2 
3 3 3 ^ 3 3 3 3 3 3 3 3 3 
3 3 ? ^ 3 3 3 3 3 3 3 3 3 
3 3 3 - » 3 3 3 3 3 3 3 3 3 
4 *» 4 4 4 4 4 
4 4 4 4 4 _ 4 _ 4 
H 4 4 4 4 4 4 
2 2 2 2 2 2 
2 2 JL 2 2 2 
2 2 2 2 2 2 
3 3 3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 _ _ 3 J> 
3 3 3 3 3 3 3 3 3 3 3 3 3 
( j 4 4 4 4 4 4 2 2 2 2 2 2 
5 _5 _ 5 
5 5 5 9 9 
5 5 5 
THE ORDER QF P L A C E M E N T WAS 3 4 6 2 7 5 * 9 In 1 
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